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Bayuk, Dana S., M.S., March 1989 Geology
Hydrogeology of the Lower Hayes Creek Drainage Basin, 
Western Montana (230 pages)
Director: Dr. William W. Woessner
Previous hydrogeo logic work in the Missoula and 
Bitteroot valleys of western Montana has focused on the 
properties of unconsolidated valley-fill sediments. The 
valley sides, consisting largely of bedrock, have been 
ignored. An investigation was conducted three miles south 
of Missoula, Montana with the purpose of describing the 
interaction between climatic, hydrologie, geologic, and 
hydrogeologic processes operating in a fractured bedrock 
aquifer.
G e o l o g i c  mapping, m o n t h l y  g r o u n d  water level 
measurements, precipitation monitoring, gaging surface 
water discharge, aquifer tests, review of driller's logs, 
and water chemistry analyses provided the bulk of the 
information presented in this study. A comprehensive mass 
balance was developed to evaluate the quantities of ground 
water available to local residents. Additional subsurface 
data were obtained during the drilling and deepening of 
four domestic water wells in the study area.
Results show that ground water in the lower Hayes Creek 
drainage basin occurs in fractured argillites, siltites 
and quartzites of the upper Precambrian Belt Supergroup. 
Lithologie units lack primary porosity but are connected 
hydraulically by closely spaced fractures exhibiting a 
variety of attitudes. The pattern of ground water flow is 
controlled by faults. Faults compartmentalize the bedrock 
aquifer by presenting barriers to ground water movement. 
Seasonally a buried ridge of unweathered bedrock 
influences the shape of the potentiometric surface.
Based upon short term aquifer tests transmissivities 
average 600 gpd/ft and are highest in quartzites. Well 
drilling, natural-gamma logs, and examination of specific 
capacities indicate the water-bearing properties of the 
bedrock system decrease with depth. The effective base of 
the aquifer is estimated to be between 285 and 300 feet 
below ground surface.
Recharge to the aquifer is principally by loss of 
surface water to the ground water system via fractures. 
Over the course of this study there appears to be 
sufficient quantités of ground water to satisfy the needs 
of the area's residents.
Ground water is of good quality except locally where 
hydrogeologic conditions prevent nonreactive contaminants 
from being transported out of the system. Lack of soil 
and inadequate septic systems have resulted in elevated 
levels of nitrates in ground water.
ii
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CHAPTER 1 
INTRODUCTION
In the past, evaluations of ground water in the 
Missoula and Bitterroot Valleys have concentrated on the 
hydraulic properties of Tertiary and Quaternary sediments 
(Geldon, 1979; McMurtrey et al., 1965; McMurtrey et al., 
1972); little work had involved evaluating the water 
bearing characteristics of the area's fractured bedrock.
A hydrogeologic investigation of a bedrock aquifer 
was conducted in the lower Hayes Creek drainage located 
approximately 3 miles south of Missoula, at the southern 
end of the Missoula Basin (McMurtrey, 1965) (Figure 1) . 
The ground water portion of the study concentrated on an 
upland surface of Precambrian Belt Supergroup rock that 
lies immediately north of Hayes Creek. The upland surface 
is buried to the north by sediments of Tertiary and 
Quaternary age (Geldon, 1979; McMurtrey, 1965), and is 
bounded to the south and east by Holocene sediments of 
Hayes Creek and the Bitterroot River, respectively.
Water wells in the area extend to a variety of depths 
ranging from 25 feet to 380 feet. Well yields vary over 
short distances, with depth, and are generally low. Wells 
are finished in Belt strata or alluvium in the Hayes Creek 
stream valley. Locally, groups of people rely on ground 
water obtained from bedrock for their domestic use.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Septic systems present a possible source of contamination 
to ground water in the study area. The prospect of 
development expanding west of the ground water study area 
raises questions concerning the present status of the 
area's ground water quality and quantity.
Goals and Objectives 
The primary goal of this investigation was to 
characterize the ground water system of a fractured 
bedrock aquifer in the Missoula Basin. To achieve this 
goal the interactions between climatic, hydrologie, 
geologic, and hydrogeologic processes operating in the 
lower Hayes Creek drainage basin were evaluated. The 
specific objectives of this study were as follows:
1) Produce a geologic map of lower Hayes Creek drainage 
depicting the structural geology of the area.
2) Determine the subsurface geometry of the bedrock 
aquifer.
3) Develop a hydrologie budget for the lower Hayes Creek 
drainage basin.
4) Conduct periodic head measurements to produce 
potentiometric maps and evaluate storage changes in 
the aquifer for the period of the study.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
5) Determine aquifer properties and quantify flow in the 
fractured bedrock ground water system using aquifer 
tests.
6) Collect baseline water chemistry data.
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CHAPTER 2
GENERAL SETTING 
This chapter describes the general setting of the
study area. The chapter includes sections on the local 
climate and precipitation patterns, summarizes the 
drainage characteristics and geomorphology of the Hayes 
Creek basin, and provides on overview of previous work 
done in the area.
Climate and Precipitation 
The Hayes Creek drainage basin is located on the
eastern edge of the Grave Creek Range, the foothills of 
the Bitterroot Range to the west. The Bitterroot Range 
m a r k e d l y  a f f e c t s  local patterns of climate and 
precipitation (N.O.A.A., 1984).
In general, the climate of the area is transitional 
between a continental type and a north-Pacific type 
(Finklin, 1983). The dominance of either type of climate
is seasonally dependent. The influence of the Pacific
type is felt most strongly in the fall and winter months 
when cloud cover and precipitation are at their maximum in 
the area. Winter temperatures are influenced as well, and 
are moderate when compared with other locations in the 
Rocky Mountains. The continental type climate occurs in 
the months of July and August, which are the clearest,
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
hottest, and driest months of the year (Finklin, 1983). 
This climatic pattern is broken at times during the winter 
when cold arctic air moves into the area from the east 
causing a decrease in temperature and an increase in 
snowfall (N.O.A.A, 1985). The climate of this portion of
Montana is considered semiarid (N.O.A.A., 1985).
Storm systems carried by westerly air flow lose most 
of their precipitation as they traverse the west side of 
the Bitterroot Divide. Total precipitation is greatest 
along the crest of the mountain range, attaining amounts 
of 60 to 70 inches at higher elevations (Finklin, 1983). 
Above 5000 feet 50% of precipitation is due to the water 
content of snow (Finklin, 1983) . In the foothills 16 
inches of total precipitation is more common (Geldon, 
1979) . Late fall and early winter is generally the time 
of year when precipitation is heaviest. A second peak 
occurs in May and June, followed by a rapid decline 
through July and August (Finklin, 1983).
There are no records of annual precipitation for the 
Hayes Creek area except those generated by this study. 
The nearest collection sites are located at the Missoula 
County Airport and south near Lolo, Montana.
Drainage Basin Characteristics
Hayes Creek is a second order stream that drains the 
east flank of Blue Mountain (Figure 2) . The drainage
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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trends slightly south of east and covers 3.95 mi^. Blue 
Mountain represents the highest elevation at 6300 feet. 
The lowest elevation is at the mouth of Hayes Creek and is 
3200 feet. Maximum relief is 3100 feet. The length of 
the mainstem is 3.2 miles. Approximately 3 miles south of 
Missoula the creek flows east under Montana State Highway 
93 and discharges into the Bitterroot River.
The Hayes Creek drainage basin is twice as long in 
the east-west direction as it is along a north-south
transect. Its appearance in plan view is that of an oak
leaf tapered to the east. In its upper reaches the aspect
of Hayes Creek is 50% to the north and 50% to the south.
In the lower reaches approximately 35% of the slopes face 
north and 65% face south. Stream gradients for the creek 
vary from 800 ft/mi in the headwaters to 386 ft/mi in the 
lower reaches. The average stream gradient is 593 ft/mi.
Hayes Creek exhibits a dendritic drainage pattern in 
its upper reaches, but a modified trellis pattern in its 
lower reaches. The change from a dendritic pattern to a 
trellis pattern coincides with the location of the Hayes 
Creek fault (Hall, 1968). East of the fault ephemeral 
tributaries are structurally controlled by strata dipping 
to the east. This is especially evident on the north side 
of the creek in section 4, T. 12 N . , R. 20 W. (Plate I).
An upland erosional surface occupies the bulk of 
section 3, T. 12 N. , R. 20 W. (Plate I). The surface
8
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slopes gently east toward the Bitterroot River and is 
accordant with the pediment surface in the South Hills 
area of Missoula (Clark, 1986) . Sediments form a thin 
cover on the erosional surface which is planed across 
eastward dipping strata. The surface is of probable
Miocene age (Sears, personal communication, 10/85; Alt, 
personal communication, 4/86).
Evidence for landsliding in the lower Hayes Creek 
drainage basin is found in the western half of section 10, 
T. 12 N. , R. 20 W. (Plate I) . Two parallel sharp-crested 
northeasterly-directed ridges demark the margins of the 
slide. Slide debris can be found on the north and south 
sides of the creek. A stream-channel incised into the 
upland erosional surface provides evidence that the slide 
temporarily dammed and diverted Hayes Creek to the 
northeast. Faint lake-shore lines indicate the slide 
predates at least the last time the Missoula Valley was 
inundated by Lake Missoula. Weber and Associates (1978) 
had previously mapped this area as having a potential for 
rocksliding.
There are no historical discharge records for Hayes 
C r e e k  o ther than those d e v e l o p e d  d u r i n g  this 
investigation.
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Geology
The bedrock geology was first described by Frank Hall 
(1968) as part of his mapping of the northern half of the 
30 minute Missoula quadrangle. His work emphasized large 
scale structural features and bedrock stratigraphy. 
Hall's work shows that the Hayes Creek area is underlain 
by rocks of the middle and upper Belt Supergroup. The 
oldest rocks in the area are represented by the Wallace 
Formation of the middle Belt carbonate, while the youngest 
is the Bonner Formation of the upper Belt Missoula Group 
(Figure 3). Missoula Group rocks are well represented; 
except for the Garnet Range and McNamara Formations the 
entire group is present. There are two environments of 
deposition envisioned for these layered sedimentary rocks. 
One is that of a broad shallow continental basin fed by 
ephemeral streams. Sediment transport was from
surrounding topographic highs to the inland sea during 
storm events (Winston, 1985). The second depositional 
model places the sediments in a shallow quiet marginal 
marine setting (Harrison, 1976). N o r t h w e s t - s t r i k i n g  
thrust faults and north-striking high angle faults are the 
dominant structural features of the area. In the 
immediate area of Hayes Creek the most notable structures 
are the Blue Mountain thrust and the Hayes Creek fault 
(Hall, 1968) (Figure 4). The Blue Mountain thrust, a 
northwest-striking high angle reverse fault, is located
10
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approximately 2 miles south of the drainage. Relative 
displacement along the fault is south side up bringing 
rock of the middle Belt carbonate up against those of the 
lower Missoula Group. The Hayes Creek Fault is a 
north-northeast trending high angle fault that bisects the 
Hayes Creek drainage in section 40, T. 12 N. , R. 20 W. . 
Lower Missoula Group rocks on the east side of the fault 
are brought up against upper Missoula Group rocks on the 
west side of the fault.
Nelson and Dobell (1961) found that Missoula Group 
rocks had been involved in faulting of similar style in 
the Bonner Quadrangle east of Missoula. Northwest 
trending overturned folds indicate that response to 
compression was more intense in the Bonner Quadrangle than 
to the west. Reverse faulting accommodated northeast- 
directed compression beginning in the Late Cretaceous and 
continuing into the Paleocene. North trending high angle 
faults developed in response to tensional stresses 
initiated in the Late Eocene (Fields and others, 1985; 
Sears, personal communication, 10/85), and which continue 
to operate (Barkmann, 1983).
Tertiary and Quaternary deposits in the Hayes Creek 
area are restricted to an upland surface on the north side 
of the creek. McMurtrey (1965) mapped the unconsolidated 
sediments as Pleistocene Lake Missoula deposits. Weber 
and Associates (1978) show them as being bench gravels and
13
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terrace alluvium, the result of erosional and depositional 
cycles operating in the Missoula Basin and Bitterroot 
Valleys during Tertiary time (Fields and others, 1985; 
Thompson, 1982).
Hydrogeology
Past ground water investigations in the Missoula 
Basin have concentrated on the occurrence of ground water 
and the hydrogeologic properties of Tertiary and 
Quaternary Missoula Valley sediments. Workers have either 
ignored bedrock as a source of ground water or given it 
cursory examination. What follows is a brief summary of 
what workers in the local area have written concerning the 
hydrogeologic character of fractured bedrock.
In reviewing the ground water resources of the 
Missoula Basin McMurtrey (1965) states that, "they 
(bedrock formations) are relatively impermeable and are 
not regarded as aquifers, they were not examined in 
detail." He does provide an estimate of transmissivity 
equal to 1300 gpd/ft based on specific capacity calculated 
from a driller's report. In his work in the Bitterroot 
Valley McMurtrey (1972) recognized that the area's 
fractured bedrock may yield quantities of water suitable 
for domestic use, and estimates yields at between 1 and 10 
gpm. He continues noting their possible area wide 
significance, "Although average permeability is small,
14
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the rocks are exposed over large areas, and their 
aggregate effect is important."
Geldon (1979) provides an estimate of 1 gpm yield for 
Precambrian rocks in the Missoula basin, as well as 
providing values of hydraulic conductivity. The average 
of his hydraulic conductivity values is 21 gpd/ft^. He 
also notes that fractures, "occur sporadically at depths 
ranging from 38 feet to 654 feet". Geldon's estimates of 
fracture depth and calculations of hydraulic conductivity 
were based on information gleaned from driller's logs.
15
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CHAPTER 3 
METHODS
This section of the report is divided into two
subsections that are summaries of the surface and
subsurface techniques used in this study. Surface methods 
were used to describe the geologic setting of the ground 
water flow system, and evaluate surface water and ground 
water interactions. Determination of aquifer geometry and 
aquifer properties was the goal of the subsurface aspect
of the study. By combining surface geologic methods with
standard hydrogeologic techniques, an understanding of the 
fractured media and its influence on ground water movement 
was obtained.
SURFACE METHODS 
Surface methods consisted of three parts:
1) Mapping the geology of the lower Hayes Creek drainage 
basin.
2) Establishing surface water installations to monitor 
the discharge of Hayes Creek.
3) Establishing a precipitation gauge to measure amounts 
of local precipitation.
The methods listed above are described in more detail 
in the subsections that follow.
16
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Geologic Mapping
A geologic map depicting the lithologie and 
structural aspects of approximately 3.9 mi^ of the lower 
Hayes Creek drainage basin was created for the study. The 
purpose of the map was to establish the geologic setting 
of the bedrock ground water system.
Mapping used standard geologic techniques (Compton, 
1961). Review of existing geologic literature and 
examination of aerial photos was followed by field 
checking to verify results of previous work by Hall (1968) 
and Wheaton (1983). Field verification and geologic 
mapping were carried out using a Brunton compass to 
measure attitudes of inclined strata, faults, and 
fractures. Field data were compiled on a portion of the 
Southwest Missoula 7.5 minute quadrangle expanded from a 
scale of 1:24000 to 1:12000. Poles to fractures measured 
in outcrops west of the ground water study area and north 
of Hayes Creek were plotted on a Schmidt equal-area 
stereo-net to graphically illustrate the attitudes of 
fractures. Fractures were selected for measurement if 
they penetrated the entire outcrop because they would most 
likely hydraulically connect adjacent rock units. Data 
were evaluated to determine how fractures might influence 
the flow of ground water in the lower Hayes Creek drainage 
basin.
17
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Surface Water Discharge Monitoring
Surface water discharge measurements were obtained 
from four stations located on the lower portion of Hayes 
Creek (Figure 5) . The installations consisted of two 
types; a culvert installed prior to the study, and weirs 
designed and installed expressly for the study. At surface 
water station number 1 (SW-l) a 24-inch circular 
galvanized steel pipe controlled flow, while at SW-2, -3, 
and -4 90 degree V-notched weirs were constructed.
Ten percent error is to be expected for discharge 
estimated from most culverts used for surface water 
discharge measurements (Don Potts, personal communication, 
6/85). Values of discharge are obtained by measuring the 
depth of flow in the culvert and multiplying by a 
discharge factor appropriate to the shape and diameter of 
the pipe being used. Discharge factors can be calculated 
using the slope of the culvert in conjunction with tables 
prepared by a culvert manufacturer (Bethlehem Steel Corp., 
1959) .
Below the culvert three 90 degree V-notched weirs 
were constructed and installed according to specifications 
outlined in Fetter (1980) and the Stevens Water Resources 
Data Book (1978). Staff gauges located in the backwater 
created by the weirs were used to measure the depth of 
water flowing through the notch. Obtaining a value of 
discharge is a matter of looking up the appropriate table
18
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for a given weir, reading the depth of water above the 
weir notch, and reading the corresponding value for 
discharge. The weirs designed for the lower Hayes Creek 
drainage basin could accommodate a maximum discharge of 
approximately 4.89 cfs. When properly installed 
five-percent error in discharge can be expected when using 
V-notched weirs (Stevens, 1978).
Precipitation
One precipitation gauge was located approximately 375 
feet north of Skyway Drive on the west side of the ground 
water study area (Figure 5). The purpose of the gauge was 
to gather monthly precipitation data in the immediate 
study area. A National Weather Service standard 8-inch 
gauge was utilized for this purpose (U.S.D.A., 1979). The 
top of the gauge has an 8-inch inside diameter with a 
funnel-like bottom that transmits liquid into a measuring 
tube contained within a larger overflow can. The capacity 
of the measuring tube is 0.5-in; larger amounts are stored 
in the overflow can, measured separately, and added to the 
total. Measurements of precipitation are made with a 
ruler graduated in hundredths of an inch so that 
precipitation can be read directly (U.S.D.A., 1979). Data 
were collected from the precipitation gauge and from 
surface water installations from July 25, 1985 to June 1, 
1986. Precipitation and stream discharge data were
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included in the hydrologie mass balance calculation of the 
lower Hayes Creek drainage basin.
SUBSURFACE METHODS 
Subsurface methods were the primary means of 
gathering data on the fractured bedrock aquifer. Methods 
employed to gather information on the subsurface included:
1) An inventory and review of driller's logs in the 
Hayes Creek area.
2) Bi-monthly to monthly measurement of monitoring well 
water levels.
3) Constant discharge aquifer tests.
4) Developing a mass balance for the portion of the 
g r o u n d  w a t e r  study area w ith the highest 
concentration of wells.
5) Water quality sampling of Hayes Creek and selected 
wells in the monitoring network.
Descriptions of the methods listed above follow.
Driller's Logs 
Driller's logs on file at the Montana State Water 
Resources Bureau were inventoried in the Hayes Creek area. 
The logs provided information on geologic materials
encountered at depth, static water levels at the time of 
drilling, pumping water levels, and details of well 
construction for individual wells. The geometry of the
21
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bedrock aquifer was determined from lithologie information 
derived from the logs. An inventory of the wells utilized 
for water level measurements and water sampling during 
this investigation is presented in Appendix A.
Interpretation of driller's logs was influenced by 
personal observations made during the drilling of four 
wells in the ground water study area in August of 1985. 
All four borings were done using air rotary equipment and 
advanced using 6- and 8-inch tri-cone bits or down-hole 
pneumatic hammers. The sampling procedure for the first 
hole, HC-10, consisted of collecting lithologie samples at 
5 foot intervals and placing them in labeled plastic bags. 
The procedure at HC-23, -30, and a well located
approximately 250 feet north of HC-10, included time-logs 
of each 5 foot interval and depths of drilling mud color 
changes, A natural -gamma log was done on HC-30, the 
purpose being to delineate fractured intervals by noting 
low gamma counts. Peaks in natural-gamma radiation should 
correspond to relatively unfractured rock.
As a means of comparing factors that influence wells 
in fractured bedrock, information related to the 
performance of individual wells and well construction 
details obtained from sixty-two fractured bedrock wells 
were compiled into a data file for use with the University 
of Montana's SPSS^g statistics package. The main data 
file, the programs written for this project, and copies of
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the computed results are located in Appendix B. The 
primary purpose of the SPSS^ programs was to calculate 
specific capacities for all wells inventoried, summarize 
those data, and determine how they relate to depth and 
rock type in the ground water study area. Specific 
capacity, the ratio of pumping discharge to the difference 
between static and pumping water levels, reflects the 
effectiveness of a well (Todd, 1959) . The higher the 
specific capacity, the more effective the well in a 
particular hydrogeologic environment. In addition to 
being included in the well inventory and the SPSS^ data 
file, well construction details derived from driller's 
logs aided interpretations of aquifer test data.
At the time this work was being conducted a DEC 2 0 
was the principal mainframe in use on campus and was used 
for data processing.
Ground Water Level Measurements 
In June of 1985 an investigation of the ground water 
flow pattern was initiated in the lower Hayes Creek 
drainage basin. A network of 22 wells was established on 
this date. The well network was expanded to 4 3 wells 
including existing domestic wells and newly drilled wells. 
Figure 5 shows the location of 4 0 of these wells (three 
additional wells were located east and north of the 
principal ground water study area, but are not included
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due to problems of map scale). Casing elevations of 32 
wells in the monitoring network had been surveyed in the 
past, 13 were profiled during this study. Surveyed field 
measurements were read to one hundredth of a foot. The 
elevations of wells at lower elevations were taken from 
the Southwest Missoula 7.5 minute U.S.G.S. quadrangle and 
are thought to be accurate to within five feet. Periodic 
head measurements were performed on all wells at least 
once a month during the period of the study. Water levels 
were measured using a steel tape graduated to the 
hundredth of a foot. To minimize the possibility of water 
levels being influenced by pumping, measurements were made 
in the early morning hours before local residents were 
active.
The position of a monitoring well in a ground water 
flow system and well construction largely determine the 
water level in a well at a particular location (Saines, 
1981). Based on construction details included on 
driller's logs, the types of water level data for 31 of 43 
wells in the monitoring network could be determined. 
Twenty-one wells in the study area are perforated over 
tens of feet, and in the presence of vertical ground water 
flow will provide composite head data. Six wells in the 
study area have open-ended casing and act as piezometers 
providing total head measurements at a specific vertical 
position in the ground water flow system. Four wells are
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perforated across the water table and act as water table 
wells. Water levels in these wells represent the true 
position of the water table.
Water level measurements for 7/26/85, 12/31/85, and
4/8/86 from water table wells and wells open to the 
aquifer by perforations at or above 150 feet form the 
basis for the water table maps and water level cross 
sections presented in the next section of this report. 
These dates were selected because they represent times 
when water in wells was at its lowest, intermediate, and 
highest levels during the study, and they best illustrate 
the variation in ground water flow patterns observed 
during the investigation.
Aquifer Tests
Five short-term constant discharge aquifer tests were 
conducted at various times during the study. Local 
resident's wells and submersible pumps were utilized for 
each of the tests. Discharge was measured using a 
five-gallon bucket and stop watch. Constant discharge was 
maintained by adjusting flow through a valve located on 
the hydrant adjacent to the well or on a house spigot. 
Generally, two garden hoses running full were required to 
keep the pump on for the duration of each test. Water 
evacuated from the well during the course of the test was 
discharged at least 100 feet away from the pumping well to
25
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prevent recharge of the ground water system. Water level 
measurements were taken according to a schedule proposed 
in Unesco (1984) using an electric tape at the pumping 
well and either an electric or steel tape at observation 
wells. Drawdown and time data were plotted on 3x5 double- 
logarithmic and semi-logarithmic paper. Interpretations 
of field data plots were based on the work of Boulton and 
Strelsvotna (1977a, 1977b, and 1978).
Boulton and Strelsvotna (1977a, 1977b, and 1978)
developed a number of type curves to aid in the analysis 
of aquifer tests in ground water systems comprised of 
blocks bounded by randomly oriented fractures. They 
modeled the system conceptually as an aquifer consisting 
of two horizontal layers of different hydraulic 
properties. One horizontal layer represents the block and 
one the fissure. Fissure thickness was assumed to be much 
less than block thickness. In considering a non-leaky 
confined system of compressible blocks and fractures they 
note that as the thickness of the two-layered block and 
fissure system approaches zero, type curves approach the 
Theis solution (Boulton and Strelsvotna, 1977a). In the 
case of an unconfined aquifer made up of incompressible 
blocks and compressible fissures, equations for fissure 
drawdown reduce to those for an unconfined aquifer with 
delayed yield from storage, or those for a leaky confined 
aquifer (Boulton and Strelsvotna, 1978). For the purposes
26
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of this study, and based on data gathered during geologic 
mapping, methods and type curves developed for unconfined 
aquifers with delayed yield from storage and for leaky 
confined aquifers were used to generate estimates of 
aquifer parameters.
Mass Balance Analysis 
A hydrologie mass balance approach was used to 
evaluate storage changes in the fractured bedrock aquifer 
for the period from July 1985 to June 1986. The purpose 
of the mass balance was to evaluate storage changes in the 
area of the bedrock aquifer with the highest concentration 
of wells. This was done to determine whether there is a 
sufficient quantity of ground water available to residents 
in the area of concentrated ground water use. The general 
form of a mass balance for a hydrologie system is,
INPUT = OUTPUT ± CHANGE IN STORAGE 
To apply the technique inputs and outputs must be defined 
for the same interval of time for a specified system of 
interest. The boundaries of the mass balance area extend 
north from SW-2 to an east west line coinciding with 
Skyway Drive, then east to beyond the last homes east of 
Hayes Creek Road. The southern boundary extends east from 
SW-2 to where that line would intersect the eastern 
boundary (Figure 6). This area encompasses about 40.2
27
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acres and is thought to represent that portion of the 
ground water study area most heavily used.
The general mass balance equation for the aquifer in 
the area of concern is;
P + GWj^ + SW^+ Dom^ + Irr^ *=
ET + GWq + SWq + Domo + Irro ± dS 
where all units are length^ and,
P = precipitation
GWj^ = ground water entering the mass balance area 
from the west
SWĵ  = surface water discharge measured at SW-2
Domj^ = domestic use aquifer recharge
Irr^ = recharge from irrigation
ET = évapotranspiration
GWq = natural ground water flow out of the mass 
balance area
SWq = surface water discharge measured at SW-3
DomQ = ground water withdrawal for domestic use
Irro = ground water withdrawal for irrigation
dS = change in storage for the fractured bedrock 
aquifer.
A positive value for the storage term indicates that 
there is water in excess of what residents use for the 
interval of time examined. A negative value means more 
water was consumed than put into the system during that 
time.
29
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Water Quality Sampling 
Water samples were collected on two occasions for 
chemical analysis of calcium (Ca"*"̂ ) , magnesium (Mg"*"̂ ) , 
sodium (Na+1), potassium (K+1), chloride (Cl"l), sulphate 
(S0 4 “2 )̂  and bicarbonate (HCOg"^), as well as nitrates 
(N0 3 ~^). On 2/21/86 nine wells were sampled along an 
east-west line through the greatest concentration of wells 
in the ground water study area. One sample was taken from 
Hayes Creek at SW-3. Thirty-one samples were collected 
from 4/24/86 to 4/27/86, including wells on the perimeter 
of the ground water study area and Hayes Creek at SW-3. 
Each sample was assigned its respective well number with 
the exception of Hayes Creek which was designated HC-0.
All water samples were collected at either a hydrant 
adjacent to the well or the house tap. The well was 
pumped long enough for pH, specific conductance, and 
temperature to stabilize. Field pH was measured with an 
Orion Research Model 399A lonalyzer pH Meter. The pH 
meter was calibrated to pH's of 6 and 8 prior to 
collecting each s ample. Specific conductance and 
temperature were obtained in the field using a YSI Model 
33 Specific Conductance Meter. All samples collected on 
2/21 were filtered in the field through an in-line .45 
micron Geofilter and placed in new clean plastic 
cubitainers. The Geofilter-housing was rinsed between 
samples with deionized water and the filter replaced. Grab
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samples of surface water from Hayes Creek were obtained by 
dipping cubitainers into the creek. All samples were 
placed in ice chests and transferred to the laboratory 
where they were stored at 4 degrees centigrade until 
analyzed. Sampling procedures from 4/24 to 4/27 were 
identical except that samples were filtered at the lab 
because Geofilter housings were in use on other projects.
Analytical work was conducted by Dr. Richard Juday of 
the Department of Chemistry at the University of Montana.
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CHAPTER 4 
STUDY RESULTS
The techniques described in the previous sections 
were combined to gain an understanding of the occurrence, 
movement, quantity and quality of ground water in the 
Hayes Creek area. The study results are organized into 
four sections that discuss each of these topics with 
respect to the fractured bedrock ground water system. 
Data collected from wells penetrating unfractured porous 
media will be presented where necessary for purposes of 
comparison.
Occurrence of Ground Water
Geologic mapping indicates ground water in the lower 
portion of the Hayes Creek drainage basin occurs in two 
distinct geologic settings; unconsolidated alluvium and 
fractured bedrock (Plate I) . Alluvium of Quaternary age 
is present as stream sediments in the valley of Hayes 
Creek, alluvial fan deposits at the mouth of Hayes creek, 
and terrace deposits adjacent to the Bitterroot River. 
Six wells out of forty-three monitored obtain water from 
unconsolidated alluvium.
Thirty-seven wells involved in the study are finished 
in Missoula Group rocks of the Precambrian age Belt 
Supergroup. A brief description of the gross lithologie
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characteristics used to distinguish the various formations 
follows. The descriptions of the units exposed in the 
lower Hayes Creek drainage are organized from oldest to 
youngest. See Hall (1968) and Winston (1985) for more 
complete descriptions.
Wallace Formation fpCw)
The Wallace Formation (pCw) is representative of 
Middle Belt carbonate rocks, and is a medium to dark gray 
micritic limestone with abundant algal mats. Its color 
and stromatalites served to distinguish it in the field.
I
The Wallace does not crop out in the map area, its 
presence was inferred by its appearance in float. Neither 
the lower contact or the Wallace's upper contact with the 
Snowslip Formation were examined in the map area.
Snowslio Formation fpCss)
The Snowslip Formation (pCss) is stratigraphically 
the lowest formation of the Missoula Group. The Snowslip 
is dominated by thickly interbedded laminated red and 
green argillites and siltites. Sedimentary structures 
include mud cracks, ripple marks, clay drapes, and planar 
laminations. The Snowslip is similar in appearance to the 
Mount Shields 3 (pCms3), but is distinguished in the field 
by its lack of salt casts and raindrop imprints. The 
green argillites of the Snowslip may be mistaken for the 
Shepard Formation (pCsh), but are noncalcareous. The 
u p p e r  contact with t h e  S h e p a r d  a p p e a r s  t o  b e  sharp and is
33
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crossed if calcareous green argillite is noted. Locally, 
layers of light-orange to white quartzite containing 
scattered mudchips of red argillite suggest the proximity 
of the contact.
Shepard Formation foCsh)
The Shepard Formation (pCsh) is a thick sequence of 
rippled and mudcracked bright light-green calcareous 
argillite. Prominent splitting parallel to bedding, tan 
colored weathering, and calcareous nature serves to 
distinguish the Shepard from green argillite in the 
Snowslip (pCss) and Mount Shields (pCms) formations. The 
top of the Shepard is characterized by red argillites that 
increase in abundance as the base of the Mount Shields is 
approached.
Mount Shields Formation fpCms)
The Mount Shields Formation (pCms) consists of four 
members designated informally by Winston and Jacob (1977). 
Overlying the Shepard is the Mount Shields 1 (pCms 1) a 
distinctive unit characterized by a banded appearance. 
Banding results from interlayering of red argillites, 
orange to tan siltites, and orange fine-grained 
quartzites. Sedimentary structures include planar
laminations, crossbedding, and channelization.
The quartzites of the Mount Shields 1 increase in 
abundance and grade into the dominantly flat-laminated 
fine- to medium-grained reddish orange quartzites of the
34
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Mount Shields 2 (pCms 2). Climbing-ripple cross-strata, 
thick massive layers, and friable light gray interlayers 
are also characteristic of the outcrops observed in the 
map area. Interbeds of red argillites and siltites 
comprise a minor amount of the unit.
The quartz ite is in turn overlain by the Mount 
Shields 3 (pCms 3) a thick sequence of predominantly red 
argillites and siltites interbedded with green argillites 
and siltites. Layers of very fine-grained lightly 
fractured quartzite make up a small amount of the member
I
in the ground water study area. The Mount Shields 3 has 
abundant sedimentary structures including salt-casts, 
raindrop imprints, ripples, planar and climbing ripple 
laminations, and mudcracks.
The uppermost member of the Mount Shields, the Mount 
Shields 4 (pCms 4), is a sequence of interbedded red 
argillites and orange quartzites that appear to be 
gradational between the Mount Shields 3 (pCms 3) and the 
quartzites of the Bonner Formation stratigraphically 
above.
The Mount Shields 3 (pCms 3) is best exposed along 
Hayes Creek Road. The Mount Shields 2 (pCms 2) is very 
well exposed in the first large roadcut south of Hayes 
Creek along Montana State Highway 93.
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Bonner Formation fpcb)
The Bonner Formation (pCb) is the uppermost formation 
of the Missoula Group exposed in the map area. A medium- 
to coarse-grained orange or pink feldspathic quartzite, it 
is distinguished from the Mount Shields 2 (pCms 2) 
quartzite by its coarser texture, larger amount of 
feldspar, and abundance of cross beds. The upper contact 
of the Bonner Formation is not exposed in the map area. 
Excellent exposures of the unit are visible in the first 
large roadcut south of Missoula on highway 93.
Quaternary and/or Tertiary gravels (OTa. OTls)
Quaternary and/or Tertiary gravels consist of 
deposits formed by landsliding and development of the 
upland erosional surface north of Hayes Creek. In most 
areas these deposits form a thin veneer of poorly sorted, 
subangular to subround sandy coarse gravel on top of the 
upland bedrock bench. The thickest accumulations occur in 
the abandoned stream channel on top the erosional bench 
and where landslide debris collected. Driller's logs for 
HC-5 indicate abandoned stream channel deposits are 
approximately 60 feet thick, while in the vicinity of 
monitoring wells HC-15 and HC-16 landslide deposits could 
be as thick as 35 feet. The coarsest fraction of these 
sediments are composed of boulder-sized clasts of Mount 
Shields 2 (pCms 2) quartzite derived from outcrops located 
to the west and southwest.
36
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Quaternary alluvium fOal. Oaf. Oil
Quaternary alluvium includes unconsolidated stream 
sediments in the Hayes Creek stream valley, alluvial fan 
deposits (Qaf) at the mouth of Hayes Creek, Bitterroot 
River terrace deposits (Qal), and Lake Missoula deposits 
(01). Poorly-sorted mixtures of gravel, sand, and silt 
are found in proximity to Hayes Creek, while very 
fine-grained Lake Missoula silts and clays are exposed on 
the northeast side of the map area at elevations of 3200 
feet or lower.
Fracture Characteristics
All units examined in the field, with the exception 
of the Wallace (pCw) (which wasn't exposed in outcrop) are 
fractured. Fracture attitudes and spacing varied between 
adjacent formations. Poles to penetrative fractures 
measured in outcrops of the Snowslip (pCss), Shepard 
(pCsh) , and Mount Shields members 1 and 2 (pCms 1 and 2) 
are shown on Figure 7. Pole diagrams reflect attitudes of 
fractures that penetrated outcrops, and are not meant to 
represent fracture density. An inventory of all fractures 
observed in outcrop was beyond the scope of this study.
The Snowslip (pCss), Shepard (pCsh), and Mount 
Shields 1 (pCms 1) represent the bulk of the rocks exposed 
west of the well field. The Mount Shields 2 (pCms 2) is 
immediately west of the well field, outcrops in Hayes 
Creek where SW-2 is placed, and is accessed by four wells
37
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monitored during this study. Although most of the 
domestic wells utilized for this investigation are 
finished in the Mount Shields 3 (pCros 3) it was not 
included in pole diagrams because all available outcrops 
were highly fractured.
A total of 112 fissures were measured and plotted on 
stereo-nets. Fracture strike is highly variable and, in 
all formations, distributed east and west of north. Dip 
ranged from vertical to approximately 15 degrees. On the
pole diagram vertical fractures plot on the perimeter of
!
the circle. As dip decreases poles to fractures move 
toward the center of the circle. Shallow dips generally 
indicate fractures parallel to bedding, while steeply 
dipping fractures are at a angle to bedding. Loosely 
clustered points in the southwest quadrant of the pole 
diagrams indicate fissures parallel to bedding. The 
diagrams provide evidence that the fine-grained Snowslip 
(pCss) and Shepard (pCsh) formations have more fissures 
parallel to bedding than does the coarser-grained 
quartzite of the Mount Shields 2 (pCms 2).
Well developed fracture sets are absent from plots of 
the Snowslip (pCss), Shepard (pCsh), and Mount Shields 1 
(pCms 1) , but poles to fractures in the Mount Shields 2 
(pCms 2) quartzite show four clusters of points. Three 
clusters of fractures dip steeply to the northeast.
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southwest, and southeast, or are vertical. The fourth
cluster is characterized by shallow northeasterly dips.
Fracture orientation was generally dependent on 
grain-size. Most fractures in quartzites were oriented 
near vertical while those in argillites and siltites were 
generally parallel to bedding. Quartzose siltites and 
silty quartzites exhibited a combination of the two 
fracture patterns. Spacing of steeply dipping fractures 
was between 1 and 4 feet in the Snowslip (pCss) and
Shepard (pCsh) formations, and between 0.25 feet and 2
feet in the Mount Shields 2 (pCms 2). Fissures parallel 
to bedding ranged from 0.02 to 1.2 feet in the siltites 
and argillites of the Snowslip (pCss) and Shepard (pCsh), 
and from 1,5 to 7 feet in Mount Shields 2 (pCms 2) 
quartzite. Fractures in the Mount Shields member 3 (pCms
3) tend to be short, lack a preferred orientation, and
were generally spaced less than 0.5 feet apart.
One slickensided fracture (attitude N07E, 72NW with 
22° of NE plunge) was observed in the Mount Shields 2 
(pCms 2) quartzite about 150 feet east of SW-1.
Aquifer Geometry
The geometry of the bedrock aquifer is illustrated 
along four transects (Figure 8) and presented as four 
cross sections in Figures 9a and 9b. Cross-sections show 
that the upland surface is erosional and within a few feet 
of the surface bedrock or weathered bedrock is
40
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encountered. The contact between weathered bedrock and 
unweathered bedrock was based on the presence or absence 
of clay from material descriptions on driller's logs. The 
absence of clay marks the contact. Driller's descriptions 
of a zone of mixed clay and rock overlying rock were 
verified by personal observations made during the drilling 
of four wells in the project area. The mixture of clay 
and rock is interpreted as being weathered bedrock. 
Tracing the we a the red/unweathered contact on cross 
sections reveals that the aquifer consists of an east-west 
trending ridge of fresh Mount Shields 3 (pCms 3) siltites 
and argillites mantled by a clay-rich weathered equivalent 
(pCwb) and a thin veneer of sandy coarse gravel (QTg).
The contact between fresh and weathered bedrock is 
irregular in nature. Weathering of the Mount Shields 3 
(pCms 3) varies between depths of approximately 3 feet 
below ground (between cross-sections Nl-Sl and N2-S2) and 
170 feet below ground (between cross-sections N3-S3 and 
N4-S4). None of the wells in the well field are 
perforated in weathered bedrock (pCwb), the principal 
source of water for most wells is the ridge of unweathered 
fractured bedrock. The maximum cross-sectional area of 
the ridge of unweathered Mount Shields 3 (pCms 3) is along 
cross-section N3-S3.
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Geologic and Geophysical Logs
Lithologie, time, and natural-gamma logs collected at 
HC-30 are presented in Figure 10. Lithologie information 
and drilling time data were recorded for 325 feet of the 
borehole. Of the upper 32 5 feet of borehole approximately 
250 feet was in red siltite and argillite. The remaining 
75 feet was drilled in green siltite and argillite. 
Scheduling difficulties prevented the bottom 40 feet of 
HC-30 from being visually logged. Conversations with the 
driller suggest that the material in the lower 4 0 feet was 
harder, but was also comprised of Mount Shields 3 (pCms 3) 
siltites and argillites.
The natural-gamma log was run from 20 feet to the 
bottom of the borehole at 365 feet. The plot of drilling 
time per 5-foot interval shows peaks and troughs in both 
the red and the green components of the Mount Shields 3 
(pCms 3). Generally, green siltite and argillite took 
less time to drill. Shortest drilling tiroes for 5-feet 
were 60 seconds and 70 seconds at depths of 210 feet and 
270 feet, respectively. Longest times were recorded at 
depths of 150 and 190 feet, and were due to cave-in at 
these depths or from somewhere in the hole above. Short 
drilling times were noted in both red and green siltites 
and argillites. Longest times were in the red, possibly 
due to caving of softer green strata above. Average
45
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drilling time for each 5-foot interval was 168 seconds 
(standard deviation = 11, number of cases = 59).
The natural gamma-log of HC-3 0 is characterized by 
alternating peaks and troughs of similar amplitude. 
Exceptions are a spike in counts at approximately 50 feet, 
and a relatively broad trough between 155 and 180 feet. 
Below 295 feet the number of counts increases relative to 
measurements made above 295 feet. Table 1 compares 
readings taken above and below 295 feet, and those 
recorded for the full length of the borehole.
TABLE 1
Natural-gamma Counts and Depth
Depth fft) Ave. counts Std. Dev. No. of Cases
Above 295 99 19 54
Below 295 140 11 15
Total 108 24 69
It is clear that there is a significant increase in the 
number of natural-gamma counts below 295 feet.
Surface and Ground Water Interaction 
Data obtained from monitoring surface water 
discharge, measuring well water levels, and geologic 
mapping provided the bulk of the information used to 
establish the interrelationship between surface and ground 
water, as well as interpret ground water movement through
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the ground water study area. The following paragraphs 
summarize the results of each, beginning with surface 
water discharge.
Surface water discharge was monitored at four 
locations along the lower portion of Hayes Creek from late 
July 1985 to mid-June 1986. Appendix D contains discharge 
measurements made at the four surface water stations over 
the course of the investigation. Maximum discharges were 
recorded at SW-1, the uppermost installation on the creek. 
Discharge for SW-l varied from a low in July 1985 of 0.39 
cfs to a high of 8.6 cfs in early April of 1986. Based on 
38 readings discharge at SW-1 averaged 3.05 cfs.
Total discharge at each of the three weirs located 
downstream of SW-1 varied by a maximum of 2% over the 
period of measurement. Due to its location relative to 
SW-1, data from SW-2 will be described.
SW-2 is the first surface water monitoring 
installation downstream of SW-1. As was the case with
SW-1 minimum and maximum discharge at SW-2 were measured
in late July 1985 and early April 1986 respectively, and 
ranged from 0.17 cfs to 5.3 cfs. Average discharge at 
SW-2 based upon 38 observations was 1.90 cfs.
Figure 11 compares measured discharge at SW-1 and 
SW-2. The hydrographs are identical except that average
flow through SW-2 is 38.7% less than that through SW-1.
The difference between stream discharge between stations
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SW-1 and SW-2 is interpreted to be due to leakage of 
surface water to the ground water system.
Ground water levels at HC-1 provide further evidence 
that the stream loses water between the two weirs. Water 
levels in HC-1, located near SW-2, are below the level of 
Hayes Creek. Ground water levels in HC-20 and HC-38 near 
SW-3 and SW-4, respectively, are also at a lower elevation 
than the surface of the creek. However, surface water 
discharge data obtained from SW-2, SW-3, and SW-4 indicate 
that stream flow is nearly constant between SW-2 and SW-4. 
Any leakage of surface water below SW-2 is negligible 
compared to losses between SW-1 and SW-2.
Hayes Creek discharge was at its minimum during late 
summer and winter but the creek responded rapidly to 
snowmelt beginning in February. All four surface water 
stations recorded peak discharges during the months of 
February, March, and April 1986 during spring run-off. 
Discharge during these three months averaged approximately 
10 times that during low flow periods. Dual peaks on 
surface water hydrographs in March 1986 and April 1986 
correspond to times when snow was observed melting from 
the drainage basin's south-facing and north-facing slopes, 
respectively.
Interpretation of Ground Water Movement
Well water level measurements were initiated in mid- 
June 1985 and ended June 17, 1986. Appendix C includes
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summary water level data for each well accompanied by a 
well hydrograph. Reference elevations are included in 
Appendix K. Well hydrographs illustrate the pattern and 
magnitude of water level fluctuations at each well during 
the course of the study. Between June 198 5 and June 1986 
water level fluctuations for bedrock wells ranged from 2 
feet at HC-35 to 89 feet at HC-3 6. The average 
fluctuation for all wells finished in bedrock was 33 feet. 
Examination of water level fluctuations for wells in the 
ground water study area indicates that the largest changes 
in water levels occurred during times corresponding to 
large precipitation events in August and September 1985 
and spring run-off beginning in February 1986. Figure 12 
presents a typical well hydrograph representative of most 
hydrographs in the fractured bedrock system. Late summer 
precipitation begins at about 7 0 days and spring run-off 
at about 250 days. Nearly all wells in the ground water 
monitoring network showed a similar response with the 
exception of HC-35 (Figure 13) . Water levels in HC-35 
were unaffected by heavy precipitation in August and 
September 198 5 dropping steadily throughout the winter 
months then increasing dramatically during spring run-off.
The degree to which wells responded to precipitation 
and spring run-off varied depending on well depth and the 
type of rock the well penetrated. Figure 14 illustrates 
the effect these factors have on water levels by comparing
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hydrographs of wells HC-2 and HC-25 normalized to the 
first water level measurement. The hydrograph pattern is 
the same, but the magnitude of response is greater for 
HC-25 (320 feet deep drilled in Mount Shields 3 siltites
and argillites) than for HC-2 (100 feet deep finished in 
Mount Shields 2 quartzite). Assuming the two wells are 
responding to the same volume of ground water recharge
applied to the same area, a comparison implies that the
storage properties of the quartzites are 9 times greater 
than those of the siltites and argillites.
In addition to well depth and rock type, well 
location relative to the axis of the ridge of unweathered 
Mount Shields 3 (pCms 3) influenced the magnitude of 
ground water fluctuations. Wells located on or near the
ridge axis such as, HC-9 through HC-18, show a larger
difference between high and low ground water levels than 
did wells drilled into the ridge's flanks such as, HC-6, 
-7, -8, and -34 on the north side, and HC-19, -21, -22,
and -23 on the south side. Table 2 summarizes well water 
level response and location for the wells mentioned above. 
All wells are 180 feet deep or less to minimize 
differences caused by well depth. The seventeen wells 
tabulated are all finished in the Mount Shields 3 (pCms 
3) .
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TABLE 2
Summary Statistics on 
Water Levels of Wells on or Near
Subsurface Ridge of Unweathered Mount Shields 3
Ave. Fluctuation 
Location___________ ( feet)_________ No. of Cases Std. Dev.
On Ridge 41.6 9 7.6
North Flank 33.6 4 3.3
South Flank 16.9 4 9.4
Based on these data, fluctuations of ground water 
would be expected in a deep well finished in the Mount
Shields 3 and located on or near the axis of the 
unweathered bedrock ridge.
Geologic mapping located four faults in the map area
(Plate I) . Two of the faults have a demonstratable
influence on ground water flow. Coinciding with the 
valley of Hayes Creek and bearing slightly north of west 
is a right-lateral strike-slip fault termed the Hayes 
Creek lineament in this report. The lineament can be 
traced west on topographic maps to a notched ridge 
extending north from Blue Mountain and exhibiting a 
prominent eastward deflection. In this study^s geologic 
mapping area the fault displaces the contact between Mount 
Shields 2 quartzites and Mount Shields 3 siltites and
argillites on the north side of Hayes Creek approximately 
500 feet to the east relative to similar rocks on the 
south side of the creek. The lineament is exposed as a 
broad brecciated zone in a roadcut at the driveway of 7150
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Hayes Creek Road. South of the shear zone enumerable 
subsidiary shears can be seen. All of the shears examined 
in the roadcut are filled with soft cataclastic gouge. 
North of the shear much of the roadcut is obscured by 
float, faults were inferred from strata rotated steeply 
east over a short distance. Based on outcrop evidence the 
Hayes Creek lineament is interpreted to be a zone of low 
intrinsic permeability.
The second fault of hydrogeologic significance is 
located in the gully parallel to and east of Hayes Creek 
Road. The east side of the fault is downdropped relative 
to the west side. The fault zone is not exposed due to 
differential erosion, its presence was inferred from large 
changes in bedding dip over a short distance on either 
side of the gully, i.e., strata on the east side of gully 
project into the tops of beds on the west side of the 
gully. Although direct observation of fault zone
material was not possible the fault zone is probably of 
low intrinsic permeability based on large head drops 
between wells on either side of the fault.
Information gathered from monitoring surface water 
discharge and geologic mapping was used to generate water 
table contour maps and water table cross sections for the 
ground water study area. The locations of cross-sections 
are shown in Figure 15. Most ground water system changes 
occurred in the portion of the ground water study area
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the highest density of wells and greatest ground 
water use.
Three dates were selected to illustrate system 
changes during the project; 7/26/85 (Figures 16a and 16b), 
12/31/85 (Figures 17a and 17b), and 4/8/86 (Figures 18a 
and 18b). Maps and cross sections dated 7/26/85 show the 
ground water system when water levels were at their 
minimum. Diagrams for 12/31/85 depict the system 
recovering. And figures for 4/8/86 represent the system 
when water levels were at their maximum for the study.
In addition, monthly water table contour maps were 
produced for the mass balance analysis (Appendix G ) .
Ground water recharged by infiltrating precipitation 
and from surface water leakage enters the ground water 
study area from the west. Ground water flows east 
parallel to the Hayes Creek lineament within the ridge of 
unweathered Mount Shields 3 siltites and argillites. 
Ground water migration continues until the fault on the 
east side of Hayes Creek Road is encountered. Steep 
gradients are required to move ground water east and south 
through the fault zones. Due to the relatively 
impermeable nature of the fault zones ground water may be 
diverted north, flowing parallel to the fault located just 
east of Hayes Creek Road. East of this fault ground water 
is presumably discharged into Quaternary/Tertiary gravels. 
Pleistocene Lake Missoula sediments, or alluvium of
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Pleistocene and Recent age deposited by the Bitterroot 
River. Ground water flowing south of the Hayes Creek 
lineament flows under Hayes Creek until meeting a 
northward directed component of flow from the opposite 
side of the Hayes Creek valley. Ground water then moves 
east discharging into the regional water table of the 
Bitterroot River.
The general pattern of ground water flow varies 
depending on time of year. During summer months when 
recharge to ground water is at its lowest and demand for 
ground water at its highest, pumping wells intercept 
eastward moving ground water. As a result a north-south 
oriented asymmetric trough of drawdown develops. The 
trough extends approximately 785 feet to the south and 
17 50 feet north during periods of maximum drawdown. At 
this time of year ground water flow is towards the 
drawdown trough from the west, east, and north. The onset 
of precipitation events in late summer and early fall of 
1985 decreased ground water demand and initiated ground 
water recovery in areas of maximum drawdown. Through the 
winter and spring months ground water levels rose into the 
ridge of unweathered Mount Shields 3 (pCms 3) bedrock. 
When ground water levels were at their highest the bedrock 
ridge can be seen to have a controlling influence on the 
shape of the water table (Figure 18a). Ground water flow 
during this time of year would be north and south away
66
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
from the ridge axis and east parallel to the subsurface 
ridge.
Quantity of Ground Water 
The mass balance for the area of concentrated ground 
water use was designed to determine whether, over the 
course of this study, there were sufficient quantities of 
ground water to meet the needs of local residents. With 
the exception of surface water components (SWĵ  and SWq ) 
the paragraphs that follow describe how each variable in
I
the mass balance equation was estimated. Negligible 
differences between stream discharge measured at SW-2 and 
SW-3 allowed these terms to be cancelled from the mass 
balance equation. Equations and data used to calculate 
each variable in the mass balance are contained in 
Appendices E, F, G, H, I, J, and K.
Ground Water Inputs fGW^̂
Five aquifer tests were used to assess the horizontal 
and vertical hydraulic properties of the fractured bedrock 
system. Table 3 summarizes results of all five aquifer 
tests. Appendix F includes field data plots of drawdown 
and time collected during each test. Information derived 
from the tests allowed ground water inputs (GWĵ ) to be 
estimated. Aquifer test data were not corrected for 
partial penetration effects or well losses due to well 
construction. Most of the tests were interpreted using
67
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
drawdown data collected after ten minutes of pumping time 
had elapsed.
TABLE 3
Aquifer Test Results
Test 1 Test 2 Test 3 Test 4 Test 5
Pumping well HC-10 HC-25 HC-2 HC-31 HC-16
Observation HC-9 HC-15
Well
Distance to 54.75 87.08
Observation
Well (ft)
Type of Test P P P P,R P
Ave. Q (gpm) 16.7 14.7 11.2 11.5 10.2
Elapsed Time 240 18 212 135,270 240
(minutes)
Drawdown, 24.91 72.16 8.48 45.58 36.01
max. (ft) 4.24 0.96
Recovery, 39.97
max. (ft)
Average 400 220 3700 170 1400
T (gpd/ft)
Average 1.7 1.0 11 0.8 5.4
K (gpd/ftZ)
Storage
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0. 004
Formation pCms3 pCms3 pCms2 pCms3 pCms3
Note: P - Pumping Test
R - Recovery Test
135,270 - Length of pumping, recovery tests 
T - Transmissivity 
K - Hydraulic Conductivity
Type curves available in Lehman (1979) were used to 
calculate the aquifer properties tabulated above. Tests l 
through 4 were evaluated using the Type A curves included 
on Plate 8 for unconfined aquifers with delayed yield from 
storage. Limited data collected from test 2 conducted at 
HC-25 were used to calculate the transmissivity and 
hydraulic conductivity at that location. Test 5 was 
complicated by the fact that water levels in HC-16 were 
above the contact between unweathered rock and weathered 
rock while water levels in HC-15, the observation well 
were below the contact. Plate 3 developed for infinite 
leaky confined aquifers was used to interpret data 
collected at HC-16, and the Type A curves on Plate 8 were 
used for HC-15 data. Aquifer test 5 generated usable 
drawdown data from an observation well allowing the 
storage coefficient of the system to be calculated.
Based on all five aquifer tests the geometric mean of 
aquifer transmissivity is 600 gpd/ft. The highest 
transmissivity was calculated at HC-2, a well completed in 
the Mount Shields 2 quartzite. The geometric mean of 
transmissivity excluding test 2 results is approximately 
380 gpd/ft.
Hydraulic conductivity was estimated using the following 
equation:
K = T / b
where,
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b is the pre-pumping saturated thickness of the aquifer as 
measured in each pumping well. For the purpose of 
calculating hydraulic conductivities the base of the 
aquifer was assumed to be a horizontal planar surface. 
Based on natural-gamma logs the base of the aquifer is at 
an elevation of approximately 3060 feet MSL (300 feet 
below land surface at HC-30) . The geometric mean of all 
hydraulic conductivity estimates is approximately 2.5 
gpd/ft^.
For the purpose of hydrogeologic calculations highly 
fractured bedrock may be treated as a porous medium 
(Unesco, 1984). Ground water flow into the area of the 
mass balance analysis was estimated using the following 
equation for the discharge per unit width of an unconfined 
aquifer (Fetter, 1980):
Q/w = - K (h2 ^ - h^^) / 2 L
where,
Q = discharge (ft^/day),
K = geometric mean, hydraulic conductivity = 0.33 
ft/day,
h% = saturated thickness of aquifer at HC-2 
(feet)(Appendix G ) ,
h 2 = saturated thickness of aquifer at the
downgradient location (feet)(Appendix G ) ,
w = width of the west side of the mass balance area = 
800 feet,
L = distance between HC-2 and downgradient location 
(feet).
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Table 4 summarizes monthly ground water inflow for the 
period of time between July 1985 and June 198 6.
TABLE 4
Monthly Ground Water Inflow (GWĵ )
______Date___________________ Volume of Ground Water In ffti)
7/85 2.81x10^
8/85 2.62x10^
9/85 2.28x10^
10/85 2.07X10^
11/85 2.01x10^
12/85 1.99x10^
1/86 2.19x 1q 5
2/86 1.88x10^
3/86 1.87x10^
4/86 1.64x10^
5/86 1.75x10^
6/86 2.14x10^
Total ; 2.53X10*^
Maximum ground water flow into the area of
concentrated ground water use occurred during July 1985 in 
response to steep ground water gradients induced by 
pumping. In 7/85 about 2.81x10^ ft^ of water moved past 
the western boundary of the mass balance area. Minimum 
natural ground water inflow was in April 1986 when the
bedrock aquifer had fully recovered. At this time
1.64x10^ ft^ of ground water entered the area from the
west. Average monthly ground water flow was approximately 
2.11x10^ ft^ over the 12 month period.
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Precipitation f
Precipitation was measured in one location in the 
immediate area of concentrated ground water use. 
Precipitation was multiplied by the area of interest over 
a given time period to estimate the volume of water that 
fell as precipitation. Results of monitoring monthly 
precipitation are presented in Appendix E. Data were 
collected onsite from July 1985 to June 1986. The value 
shown for June 1986 was obtained from the National Weather 
Service and was measured at the Missoula County airport.
Between 7/85 and 6/86 a total of 18.57 inches of 
precipitation was measured. Of the total between 3.47 
inches and 4.53 inches was in the form of snow. In 
September 1985, 3.97 inches of rain fell which was the
wettest month during the period of measurement. June and 
July 1985 were the driest months. During those two months 
no precipitation was collected. Average monthly
precipitation equaled 1.55 inches. Forty percent of the 
total precipitation was collected in August and September 
1985 when 7.45 inches of rain fell in the area. 
Evapotranspiration (ET1_
Monthly values of évapotranspiration were estimated 
using techniques developed by Priestly and Taylor 
(Rosenberg et al., 1983) and Jenson and Haise (Rosenberg 
et al., 1983). Appendix I summarizes the results of 
évapotranspiration calculations. Two techniques were
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selected because one; Priestly and Taylor, has been shown 
to useful for estimating potential évapotranspiration from 
a variety of surfaces including, standing bodies of water 
(Stewart and Rouse, 1976), and from bare soil (Novak and 
Black, 1982) . The equation derived by Jenson and Haise 
(Rosenberg et al., 1983) was developed from data 
summarized in arid and semiarid areas of the Southwestern 
United States. The Jenson and Haise equation is, 
therefore, thought to be applicable to semiarid areas of 
western Montana (Don Potts, personal communication, 3/86). 
Both the Priestly-Taylor and Jenson-Haise methods require 
average daily solar radiation data for the area of 
interest. Monthly solar radiation information for 
Missoula was taken from Fowlkes (1981) and is provided in 
Appendix I- For monthly estimates of évapotranspiration 
in the lower Hayes Creek drainage basin the largest 
évapotranspiration value calculated using both methods was 
utilized in the mass balance analysis. Maximum 
évapotranspiration occurred in July 1985 and was 
approximately 5.74 inches. Minimum évapotranspiration was 
0 inches calculated for December 1985. Evapotranspiration 
averaged 2.41 inches per month over the period of the mass 
balance analysis.
Domestic and Irrigation Usage
An estimate of the total volume of ground water used 
by local residents for domestic use and irrigation was
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based on work done by Ver Hey (1987) for her study of 
nitrate loading in the Missoula Valley. Appendix H 
includes data used to compute the quantity of ground water 
utilized for irrigation.
As part of her research Verhey installed water meters 
in two-, t hree-, four-, and five-person dwellings. 
Metering allowed volumes of domestic and irrigation water 
to be monitored. Based on her findings estimates of 
ground water consumption for domestic and irrigation use 
were generated for the Hayes Creek area. For the purpose 
of the mass balance ground water pumped for domestic use 
was assumed to be recycled. Ground water pumped out of the 
system was returned via drain lines, individual septic 
systems, and a community drain field. In the Hayes Creek 
area domestic ground water use was approximately 50.3 
gpd/person, while ground water consumed for yard 
irrigation amounted to about 5.1x10“^ gpd/ft^. The 
irrigation application constant was multiplied by each 
yard area to determine the quantity of irrigation water 
required during the 12 month period of the mass balance 
analysis.
Ground Water Outputs fGWp)
Usually the ground water out variable in a mass 
balance equation includes a term representing outputs due 
solely to natural ground water flow. However, as 
described in the previous section, complex boundary
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conditions are present in the ground water study area. An 
incomplete understanding of the boundary conditions 
preclude calculating natural ground water flow out (GWq ) 
by the same methods utilized to estimate ground water
inputs (GW^). Natural ground water flux out of the mass 
balance area was back-calculated by substituting known
values of all other variables into the general mass 
balance equation. Appendix J provides the monthly mass
balance equations that were solved for the ground water
out (GWq ) component. Table 5 shows the monthly volumes of 
ground water that moves out of the mass balance area by 
both natural ground water flow and irrigation.
TABLE 5
Monthly Ground Water Outflow (GWq )
Date___________ Volume of Ground Water Out fft )̂
7/85 3.56x10^
8/85 2.21x10^
9/85 2.97x10^
10/85 1.73X10^
11/85 1.80x10^
12/85 3.23x10^
1/86 2,28x10^
2/86 4.52X10^
3/86 1.63x10^
4/86 1.55x10^
5/86 2.09x10^
6/86 2.93x10^
Total; 3.05X10^
Table 5 shows that the maximum ground water flow out 
of the mass balance area occurred in February 198 6.
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Minimum ground water flow out of the area was during April 
1986. Average monthly flow out of the area of 
concentrated ground water use was approximately 2.54x10^ 
ft^.
Storage Changes
Monthly storage changes within the aquifer beneath 
the 40 acre mass balance area were approximated using the 
following equation:
V = S dh A
where,
V = volume of ground water taken into or out of the 
area of the mass balance (ft^),
S = storage coefficient = 0.004
dh - average monthly change in head (Appendix K)
A = area of mass balance = 40.2 acres =
1.75xl0^ft2.
Aquifer test 5 provided the single estimate of 
storage for the ground water system. A storage 
coefficient of 0.004 probably reflects the effective 
porosity of the fractured bedrock system. Alternatively, 
due to the fact that ground water levels were near the 
contact between weathered and unweathered bedrock, the 
storage coefficient may be that of a semi-confined 
aquifer. Table 6 is a tabulation of storage changes 
calculated using the equation above for the 1-year period 
of the mass balance analysis.
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TABLE 6
Monthly Storage Changes (dS)
Volume of Water Taken 
Date________ Into or Out of Storage fft^̂
7 / 8 5 -7.46x10^
8 / 8  5 4.07x10^
9 / 8 5 6 . 3 4 x 1 0 ^
1 0 / 8 5 3 . 4 1 x 1 0 ^
1 1 / 8 5 2 . 1 1 x 1 0 ^
1 2 / 8 5 6 . 4 4 X 1 0 ^
1 / 8 6 8 . 3 3 x 1 q 3
2 / 8 6 4 . 4 7 x 1 0 ^
3 / 8 6 2.37x10^
4 / 8 6 8 . 5 6 X 1 0 ^
5 / 8 6 - 3 . 2 3 X 1 0 ^
6 / 8  6 - 8 . 1 6 X 1 0 ^
Total: 6 .25X 10 "*
Note: - = Water taken out of storage.
Examination of Table 6 shows that during the 12-month 
period an excess of 6.25x10^ ft^ of ground water was 
available to residents in the area of concentrated ground 
water use. In addition, water level measurements taken on 
6/17/86 were an average of 9.9 feet above those recorded 
in 6/85, providing further evidence that the ground water 
system had fully recovered. Maximum consumption of ground 
water occurred during the months of July 1985 (7.46x10^
ft^ consumed) and June 1986 (8.16x10^ ft^ consumed).
Maximum ground water recharge to the mass balance area 
occurred during September 1985 and February 1986. 
Approximately 6.34x10^ ft^ was taken into storage in 9/85,
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while 4.47x10^ ft^ more water was taken into storage than 
was consumed in 2/86.
Ground Water Quality 
Water chemistry results show that ground water in the 
lower Hayes Creek drainage basin is similar to Hayes 
Creek, but is enriched in dissolved ions. Ground water 
quality is generally good. Many wells do indicate ground 
water is degraded locally. Appendix L includes gross 
ionic water chemistry plus nitrate analyses for all 
surface and ground water sites sampled.
Stiff diagrams graphically depict gross ionic 
chemistry of ground water and Hayes Creek on 2/21/86 
(Figure 19) and 4/24/86 (Figure 20) . During the April 
sampling run Hayes Creek was discharging about 2.5 cfs. 
In February creek flow was approximately 0.5 cfs.
Hayes Creek, sampled at SW-3, had the lowest values 
of all ions analyzed, while HC-29 had the highest amounts 
of the six dissolved constituents. Stiff diagrams 
indicate that ground water is similar in chemistry to the 
creek, but higher in total dissolved ions. Ground water 
in the study area is predominantly a calcium-bicarbonate 
type; thirty-six of forty-one wells sampled had calcium 
and bicarbonate as their dominant ions. Of the remaining 
f i v e  g r o u n d  w a t e r  s a m p l e s  f o u r  w e r e  of
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magnesium-bicarbonate type and one was a calcium-chloride 
type.
West of the fault parallel to Hayes Creek Road total 
dissolved constituents appear to increase in the direction 
of ground water flow. East of the fault there is a marked 
decrease in the concentrations of dissolved ions. Ground 
water with the largest quantities of total dissolved 
solids are located northwest of the intersection between 
the Hayes Creek lineament and the fault east of Hayes 
Creek Road.
The presence of elevated nitrate and chloride levels 
in many wells indicate degradation of ground water. 
Relatively high concentrations of calcium, sodium, and 
especially chloride serve to indicate degraded areas. 
Water samples with elevated chloride levels generally have 
e l e v a t e d  n itrate levels. The average nitrate
concentration for 4 3 samples was 2.12 mg/L (standard 
deviation = 1.96 mg/L). For comparison, the average
nitrate concentration in the Missoula Valley based on 43 
samples taken by Clark (1986) is 0.65 mg/L (standard 
deviation = 0.37mg/L).
If stiff diagrams between the two sampling dates are 
compared it can be seen that the total dissolved 
constituents in Hayes Creek decreased from 2/21/26 to 
4/24/86 while the total dissolved solids in ground water 
increased.
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CHAPTER 5
DISCUSSION OF RESULTS 
Chapter 5 is organized in the same manner as the
preceding chapter. The results of this study will be
discussed with regard to the occurrence of ground water, 
ground water flow, ground water quantity, and ground water 
quality of the Hayes Creek area ground water.
Occurrence of Ground Water 
Information obtained from reviewing driller's logs, 
observing wells being drilled, geologic mapping, and 
aquifer tests provide evidence that ground water in the 
study area occurs in fractured bedrock. In addition, thin 
section analysis of the Mount Shields members 2 and 3 show 
them to be lacking in intergranular, or primary porosity
(Don Winston, personal communication, 4/86). Porosity is
secondary in nature and ground water must occur in 
fractures formed post-depositionally.
Fractures are tensional in origin (Billings, 1972; 
Hobbs and others, 1976) and have developed in response to 
brittle deformation. Billings (1972) and Hobbs et al. 
(1976) have written that in structurally uncomplicated 
areas fractures show a regular distribution around 
s t r u c t u r a l  features such as faults and folds. 
Observations of intense fracturing and shearing of the
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Mount Shields 3 proximal to the Hayes Creek lineament show 
faults and fractures in the lower Hayes Creek drainage 
basin to be genetically related. Distinct sets of 
fractures are absent, however, making it difficult to 
establish a systematic relationship between the two. One 
slickensided fracture surface was noted in the map area 
that would suggest shearing stress was a contributing 
factor to fissure development. Fractures of tensile 
origin generally have larger storage capacities and higher 
permeabilities than fractures formed as a result of 
shearing (Unesco, 1984). Under compressive stresses 
fissures are squeezed together, reducing their aperture 
and resulting in a decrease in their hydraulic properties.
The largest number of wells pump ground water from an 
east-west trending ridge of unweathered Mount Shields 3 
siltites and argillites. Ground water in the Mount 
Shields 3 seems to be located in two relatively high 
yielding zones, one from 14 0 to 180 feet and another from 
about 225 to 280 feet. These depths were seen to be 
accessed repeatedly on driller's logs reviewed for the 
study. In addition, of the four wells I observed drilled 
in August 1985 all but one obtained noticeable yields of
water in these zones.
Seasonally ground water may occur in the poorly 
sorted sediments and weathered rock that overlies the 
ridge Mount Shields 3 (pCms 3) . During times of maximum
83
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
ground water recharge water levels rise above the contact 
between unweathered bedrock and the material above. In 
areas where sediments and weathered rock are thickest, 
saturation occurs for a longer period of time. For 
example, at HC-15 weathered rock and sediment was noted to 
a depth of 59 feet on driller's logs. Depth to ground 
water was less than 59 feet from March through April of 
1986. At HC-5 where 75 feet of sand, gravel, and 
weathered rock overly bedrock, depth to water was greater 
than 75 feet from December 1985 to May 1986. In addition 
to saturating overlying material, partial confinement of 
the aquifer may occur (Fetter, 1980; Unesco, 1984).
Specific capacities calculated from drillers logs and 
information gathered during geologic mapping were used to 
evaluate the effect well depth and rock type had on the 
occurrence and availability of ground water in the lower 
Hayes Creek drainage basin. Although highly dependent 
upon such factors as time of pumping, pumping discharge, 
well construction, aquifer boundary conditions, and 
interference effects of other wells, specific capacity can 
be a way of qualitatively comparing wells that penetrate 
the same aquifer (Summers, 1972a). Davis and Turk (1964), 
Landers and Turk (1973) , and Summers (1972a) have used 
specific capacity in a variety of geographic areas to draw 
conclusions concerning the relationships between specific 
capacity, rock type, and, depth. Their work shows that in
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nearly all cases, irrespective of rock type, specific
capacity decreases with depth.
Statistical analyses (Appendix B) provide evidence 
that in the lower Hayes Creek drainage basin specific
capacity decreases with depth. Table 7 summarizes the
results of regression analyses.
TABLE 7
Regression of Specific Capacity and Depth 
Correlation
Variables Coefficient ' No. of
Regressed_____________(rj______________r_squared____ Cases
Q/s,depth -0.41 0.17 44
log(Q/s),depth -0.42 0.18 44
log(Q/s),log(depth) -0.43 0.19 44
A negative correlation coefficient indicates that specific 
capacity decreases with depth, but regressing specific
capacity and depth accounts for only an average of 18% of 
the variability between bedrock wells in the ground water 
study area.
To substantiate regression results, specific capacity 
for depth intervals of 50 feet was tabulated (Table 8).
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TABLE 8
Specific Capacity per Fifty-feet of Depth
Depth (ft) Number of Wells Min. Q/s Max. -------- (aom/ft)
Q/s Ave
0-49 0 0 0 050-99 3 0.68 2.08 1.38100-149 9 0.06 2.86 1.01150-199 15 0.02 1.4 3 0.54200-249 11 0.10 1.25 0.49250-299 3 0.10 0.26 0.16Over 300 6 0.09 0.38 0.19
Comparing specific capacity with depth in this manner 
shows that specific capacity decreases steadily to 300 
feet. The greatest decrease occurs below approximately 
250 feet. Below 250 feet specific capacity decreases by a 
factor of 4, above 250 feet specific capacity drops off by 
a factor between 1 and 2 for each 50 foot increase in 
depth.
Variability of specific capacity between wells in the 
ground water study area are the result of changes in rock 
type, fracture spacing, fracture attitude, or inaccurately 
reported data. Three of the four; rock type, fracture 
spacing, and fracture attitude were evaluated during this 
investigation. Fracture spacing and attitude were
observed to be dependent on rock type, or more 
fundamentally, grain-size. Fracture spacing is least, and 
fracture dip is at high angles to bedding, in relatively 
thin (less than 2 feet thick) layers of fine-grained 
quartzite, and in siltites and argillites with fractures 
parallel to bedding. Based on limited data a comparison
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of specific capacity and lithology suggests the highest 
specific capacities are found in the Mount Shields 2 
(pCins2) and the Bonner Formation (pCb) quartzites (Table 
9) .
TABLE 9
Specific Capacity and Rock Type
Average Specific Std. Dev.
Formation Capacity fgom/ft) faom/ft^______No. of Cases
pCb 0.66 0.48 4
pCms 3 0.62 0.61 34
pCms 2 * 1.32 0 2
pCms 1 0.14 0 1
Unknown 0.58 0.27 4
Note: * = One specific capacity value reported for the
pCms 2 is based on an aquifer test conducted during this 
investigation.
Fracture orientation is important hydrogeologically 
because with increasing depth near-vertical fractures will 
tend to stay open while near-horizontal fractures will 
close (Spayd, 1985). As a result, the number of fractures 
that can store and transmit water (Spayd, 1985) and the 
number of fractures intersecting a well (Summers, 1972a) 
will diminish with increasing depth.
Lithologie, time, and natural-gamma logs could not 
verify the locations of discrete water-bearing fractured 
zones. Inspection of the logs collected at HC-30 show 
little correlation between the three. HC-30 was drilled 
entirely in the red and green siltites and argillites of 
the Mount Shields 3 (pCms 3). Longer drilling time per 5
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foot interval should correspond to less fractured rock. 
Peaks in drilling time should be accompanied by spikes in 
natural-gamma radiation, but this is not consistently the 
case. Correlation of the two is complicated by cave-in 
problems that increase drilling time, and conversely, 
suggest zones of highly fractured rock. If the assumption 
is made that cave-in occurs at the depth drilling time 
increases then natural-gamma counts show a decrease 
immediately above the caved zone as would be expected. A 
trend toward an increase in the number of natural-gamma 
counts with depth suggests that rocks are becoming less 
fractured below approximately 295 feet.
Early aquifer response to pumping wells HC-10, -16,
and -31 (Appendix F) is linear. A line with a slope equal
to unity (one log of drawdown per one log of time) would
suggest that water generated during the initial phase of 
pumping was being derived from casing storage (Papadopulos 
and Cooper, 1967) . However, early-time data for these 
tests closely follow a straight line of half-unit slope 
(one-half log drawdown per one log of time) suggesting 
that near the borehole high-conductivity fractures 
influence drawdown (Gringarten, 1982; Jenkins and 
Prentice, 1982; Sen, 1986). If this is the case the
effects of fractures proximal to the borehole are 
generally lost after ten minutes into each test. Ten
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minutes may mark the time of transition from linear to 
more radial flow conditions (Gringarten, 1982).
Evidence for radial flow was noted during test 5. As 
test 5 proceeded HC-15, located 87 feet from the pumping 
well HC-16, responded sooner and was drawn down more than 
HC-17 positioned 105 feet from HC-16.
Based on results from tests 1 and 5 the fractured 
bedrock is vertically interconnected over depths ranging 
from 120 feet to 365 feet. During test 1 HC-9 (140 feet 
deep) was drawn down 4.24 feet while HC-10 (300 feet deep) 
was discharging. In response to pumping HC-16 (365 feet 
deep) during test 5 water levels in HC-15 (120 feet deep) 
dropped 0.96 feet.
Ground Water Flow 
Results of monitoring surface water discharge shows 
that Hayes Creek loses water between SW-1 and SW-2, but 
flow is constant from SW-2 downstream to SW-4. Loss of 
surface water between SW-1 and SW-2 corresponds to a 
change in rock type along that reach of Hayes Creek. SW-2 
is located near the contact between the Mount Shields 2 
(pCms 2) quartzite and the siltites and argillites of the 
Mount Shields 3 (pCms 3). Right-lateral motion along the 
Hayes Creek lineament has increased the effective 
hydrologie outcrop area of the Mount Shields 2 (pCms 2) 
qyajftzite between SW—1 and SW—2. Upstream of SW—2 surface
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water is lost to the ground water system via fractures in 
outcrops of Mount Shields 2 (pCms2) quartzite exposed 
along the creek. Below SW-2 surface flow is essentially 
constant as the creek flows across poorly-sorted landslide 
material bounded by Mount Shields 3 (pCms 3).
A hydrograph of ground water recharge via Hayes Creek 
(Figure 21) mimics surface water hydrographs. The 
quantity of surface water lost was determined by 
subtracting the discharge through SW-2 from that at SW-1 
for two consecutive dates, averaging them, and multiplying 
by the time between each measurement. Ground water 
recharge calculations assumed Hayes Creek loses water in 
equal amounts to the north and south sides of Hayes Creek. 
Only half of the total 38.7% lost between SW-1 and SW-2 
would recharge ground water north of Hayes Creek.
Between mid-February 1986 and early April 1986 
approximately 75% of the total surface water recharge to 
ground water occurred. The largest volume of recharge 
occurred during April 1986 when 2.30x10® ft^ of surface 
water recharged the ground water system. Recharge during 
April 198 6 alone was approximately the same as the total 
from late July 1985 to mid-February of 1986. Average 
monthly recharge for the eleven months Hayes Creek 
discharge was monitored equalled 8.31x10^ ft^.
Well hydrographs suggest that there are two ground 
water flow systems present in the study area; a shallow
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system that behaves unconfined, and a deeper system that 
behaves confined. Evidence for two ground water systems 
in the study area is based on the response of deeper wells 
in the Mount Shields 3 to recharge events. Deeper wells 
respond similarly to shallower wells but the magnitude of 
the response is more pronounced. Lightly fractured 
interlayers could act as semi-confining layers within the 
bedrock ground water system. Weathered bedrock and poorly 
sorted unconsolidated sediments may partially confine the 
system during periods when ground water levels are high. 
Aquifer tests conducted at HC-9 and HC-10 as well as HC-15 
and HC-16 show that if two ground water systems exist they 
are hydraulically connected.
The geometry of the bedrock ridge has a measurable 
effect on rising water levels. The cross-sectional area 
of the ridge decreases vertically upward. The storage 
properties of the aquifer should show a corresponding 
decrease. Evidence for this is the fact that wells 
located on or near the ridge axis show the greatest 
increase in water levels when compared to wells of similar 
depth but on the flanks of the ridge.
Long and others (1982) report that fracture systems 
behave more like porous media equivalents if fracture 
spacing is low and fracture orientation is distributed. 
Pole diagrams of the formations west of the ground water 
study area show two properties important to ground water
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flow and for consideration of the fractured bedrock ground 
water system as an equivalent porous media:
1) The presence of abundant fractures of different 
attitudes indicates that intraformational fractures 
are interconnected.
2) The presence of similar pole patterns in all of the 
units provides evidence that the different formations 
are connected hydraulically.
Fracture data strongly suggests that, unless presented 
with a barrier, ground water will have an eastern 
component of flow toward the ground water study area. The 
dominant fractures in outcrops of Mount Shields 2 (pCms 2) 
along the documented losing reach of Hayes Creek are 
oriented northeast at high angles towards the ground water 
study area. In addition, terrain west of the well field 
development is topographically higher and should represent 
a local recharge area to the ground water system (Fetter, 
1980).
Fractures and fracture intersections provide avenues 
for fluid migration. Faults and shear zones control the 
pattern of ground water movement through the well field. 
Where fractures are the direct result of shearing the 
degree to which rock is pulverized during movement 
determines their properties relative to ground water. 
Rock broken as a result of shearing can act as conduits 
for fluid movement (Gale, 1982? Unesco, 1984). If
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movement is so intense as to grind rocks into cataclastic 
gouge shear zones can form barriers to flow (Davis and De 
Wiest, 1966; Fetter, 1980; Gale, 1982; Unesco, 1984). 
Potentiometric maps of the water table provide evidence 
that faults present barriers to ground water flow. Water 
table cross sections for 7/26/85, 12/31/85, and 4/8/86
show that ground water gradients are steepest in areas 
that correspond to the locations of the Hayes Creek 
lineament and the fault east of Hayes Creek Road. 
Differences in April water levels of 44 feet in 247 feet 
across the fault east of Hayes Creek Road require a 
gradient of 0.18 to drive water through the fault zone. 
Lack of wells proximal to the Hayes Creek lineament 
precluded calculations of the gradient across that fault 
zone. Based on the appearance of the Hayes Creek 
lineament in outcrop a similar scenario is inferred to 
drive water south of the shear zone. The average ground 
water gradient west of the fault adjacent to Hayes Creek 
Road was approximately 0.026 in April. The average 
gradient across the entire ground water study area is
approximately 0.10.
Potentiometric maps of the water table for 7/26/85 
provide further evidence that fault zones act as no-flow 
or low-flow boundaries. Heavy use of ground water during 
July caused the water table to be depressed in the west 
edge of the ground water study area. The depression is
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trough-shaped and elongate parallel to the fault east of 
Hayes Creek Road. In addition, the trough is asymmetric 
extending three times further north than to the south. 
Maximum development of the trough occurred in July 1985
when it extended beyond HC-35 17 50 feet north of the next
nearest well. In Long (1982) and Hantush (1966) have 
demonstrated that in anisotropic media the long-axis of 
the permeability ellipse is parallel to the direction of 
maximum flux. The shape of the drawdown trough in the
western portion of the Hayes Creek study area indicates
that maximum natural flux of ground water is to the north.
With decreased demand for irrigation water ground 
water flows back into storage and depressed areas of the 
ground water system recover. Ground water masses behind 
low permeability fault zones. Three things occur as this 
process proceeds;
1) areas of most intense use show the most rapid
increase in water levels.
2) water levels in wells on the crest of the buried
bedrock ridge and deep wells in the Mount Shields
member 3 show the greatest increase.
3) the southerly component of flow into the well
field developed during the summer reverses to 
the north.
In addition to low permeability fault zones,
contrasts between the hydraulic conductivity of the Mount
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Shields 2 (pCms 2) quartzites and the Mount Shields 3 
(pCms 3) siltites and argillites may influence ground 
water flow in the study area. Based on aquifer test 
results the hydraulic conductivity of the Mount Shields 2 
(pCms 2) is between 2 and 14 times greater than the Mount 
Shields 3 (pCms 3). Deflection of equipotential lines at 
the contact between the two units is likely (Fetter, 1980; 
Freeze and Cherry, 1979).
Quantity of Ground Water 
Mass b a l a n c e  c a l c u l a t i o n s  and w a t e r  level 
measurements indicate the fractured bedrock ground water 
system recovered fully relative to the previous year. 
Results indicate that over the 12-month period of the mass 
balance analysis there was an excess of approximately 
6.25x10^ ft^ of ground water available in the area of 
concentrated ground water use. If most of the ground 
water consumed by local residents is for irrigation, and 
using an average yard area of 9000 ft^, this represents 
enough ground water to support 10 additional families.
Most ground water is taken out of storage during the 
summer months when irrigation is most intense. Maximum 
consumption of ground water by the area's residents 
occurred during the months of July 1985 and June 1986. 
Ground water is taken back into storage during months when 
irrigation is light or when surface water recharge to the
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ground water system is high. The maximum quantity of 
ground water taken into storage occurred in September 1985 
and February 1986.
The mass balance developed for the lower Hayes Creek 
drainage basin provides information to assess the amount 
of ground water being diverted north by low permeability 
fault zones. The technique used assumes that water level 
measurements for April 1986, the highest for the study, 
approximate the ground water system under steady state 
conditions. If significant quantities of ground water are 
flowing north then calculating discharge through the 
aquifer in a north-south direction should be roughly the 
same as the volume of ground water entering the area based 
on the mass balance analysis. Wells HC-8 and HC-35 were 
selected to represent conditions north of the area of 
concentrated ground water use.
In order to estimate the volume of ground water 
diverted north the total quantity of ground water moving 
between HC-8 and HC-35 must be considered. The total 
volume of ground water moving between HC-8 and HC-3 5 was 
estimated by assuming the quantity of ground water per 
unit width of aquifer entering the area of concentrated 
use can be applied over the distance between the two 
wells. In April 1986 1.64x10^ ft^ of ground water moved 
past the 800 foot wide western boundary of the mass 
balance area. The discharge per unit width is therefore,
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205 The distance between HC-8 and HC-35 is
approximately 1750 feet. Multiplying 1750 feet times 205 
ft^/ft gives 3.59x10^ ft^ of ground water that should be 
accounted for when calculating ground water flux between 
HC-8 and HC-35.
As shown in chapter 4 the equation for discharge per 
unit width of an unconfined aquifer is;
Q/w = - K (hg^ - hi2) / 2 L
where,
Q = discharge = (3.59x10^ ft^)/(30 days in April) =
1.20x10^ ft^/day,
K = hydraulic conductivity (ft/day),
hi = saturated thickness of aquifer at HC-8 = 263.87 
feet,
h 2 = saturated thickness of aquifer at HC-35 = 239.81 
feet,
w = aquifer width between the fault parallel to Hayes 
Creek Road and the contact between the Mount 
Shields 2 and Mount shields 3 = 1840 feet,
L = distance between HC-8 and HC-35 = 1750 
feet.
The geometric mean of hydraulic conductivity derived 
from all aquifer tests (0.33 ft/day), and the maximum 
value of hydraulic conductivity for the Mount Shields 3 
(pCms 3) (0.72 ft/day) were substituted into the equation
above. Solving for the discharge (Q) through the aquifer 
suggests that between 20% and 4 0% of the total 1.20x10'^ 
ft^/day of ground water is diverted north due to fault 
zones.
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Besides allowing diversion of ground water to be 
assessed the mass balance aided the interpretation of 
seasonal ground water fluctuations in the lower Hayes 
Creek drainage basin. As was the case in the Missoula 
Valley water levels in wells in the lower Hayes Creek 
drainage basin responded dramatically to spring runoff. 
Increases in water levels of up to 22 feet were recorded 
in study area wells during the months of February and 
March 1986. However, ground water levels in the Hayes 
Creek area had been rising since the second week in August 
1985. In contrast, water levels in the Missoula Valley 
showed a decline beginning in the second week of September 
1985 continuing through February 1986 (Clark, 1986). 
Initiation of rising water levels in the lower Hayes Creek 
drainage basin corresponds to the first precipitation 
events since June 1985. During August and September 1985 
7.45 inches of precipitation fell in the immediate area of 
the surface and ground water monitoring network. Stream 
discharge did not show an appreciable increase during the 
same period (Figure 22) indicating that infiltrating 
r a i n w a t e r  m ay h a v e  gone to satisfying moisture 
requirements of the unsaturated zone. However, even if 
the soil and underlying bedrock was at field capacity so 
all infiltrating rainwater reached the water table, 
precipitation accounted for only 2% of the water entering 
the area of concentrated ground water use.
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During August and September 1986, taking into account 
evaporation and plant transpiration, precipitation 
potentially contributed 8.00x10^ ft^ while natural ground 
water inflow was approximately 4.90x10^ ft^ of water. 
Ground water levels rose most rapidly soon after the 
period of intense rain. Ground water levels continued to 
rise at a reduced rate until spring runoff in February and 
March. Given these results a factor other than ground 
water recharge by precipitation must be considered to 
explain rising ground water levels between August 1985 to 
February 1986.
Prior to August 1985 water levels in bedrock wells, 
with the notable exception of HC-3 5, were dropping 
steadily as a result of irrigation during May, June, and 
July. If ground water used for domestic purposes is 
recycled irrigation represents nearly all of the ground 
water consumed by area residents during the year. 
Irrigation essentially stopped in August with the onset of 
heavy rain. The area's ground water levels showed an 
immediate response to cessation of irrigation. Well 
hydrographs show that initial recovery was most rapid and 
then tapered off, much as a well would recover after 
pumping had stopped. The combination of natural ground 
water flow entering the area of maximum ground water use, 
plus cessation of pumping caused ground water levels to
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show their greatest increase during the course of this
study
Ground Water Quality 
Evidence of ground water degradation is present as 
elevated levels of chloride and nitrate, generally 
indicators of partially treated septic water (Juday and 
Keller, 1978). Comparing the surface water chemistry of 
Hayes Creek to the ground water chemistry of bedrock wells 
shows nitrate enrichment in wells range from 26 to 952 
times the concentration in the creek. Although there are 
alternate sources of both chloride and nitrate, such as 
nitrate fertilizer, previous work done in the area suggest 
that the source is septic in origin (Missoula Public 
Health Dept., 1982).
The largest single potential source of septically 
impacted water is the community drain field. The drain 
field is positioned upgradient of most of the wells in the 
study area. Comparison of ground water quality data from 
wells near the drain field with those further downgradient 
shows that ground water quality is generally better close 
to the community drain field. These results strongly 
suggest that the drain field is not the source ground 
water contamination.
An explanation for the distribution of dissolved 
contaminants appears to be dependent on the geometry of
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the bedrock ridge and the arrangement of structurally 
controlled zones of low intrinsic permeability. The 
largest number of wells exhibiting degraded ground water 
are located northwest of the intersection between the 
Hayes Creek Lineament and the fault east of Hayes Creek 
Road, and south of the axis of the subsurface ridge.
The axis of the buried ridge represents a hydrologie 
divide, ground water moves north and south away from its 
crest. Ground water flowing south encounters a barrier in 
the form of the Hayes Creek Lineament. Due to the low 
permeability of the fault zone degraded water does not 
migrate south rapidly enough to decrease contaminant 
concentrations through time. In addition, during the 
irrigation season ground water is drawn back into the 
impacted area increasing the residence time of nonreactive 
chemical parameters. The presence of degraded water in 
samples taken 4 years ago (Missoula County Public Health, 
1982) indicates the problem is a long term one, however, 
none of the analyses exceed primary or secondary drinking 
water standards set by the Environmental Protection 
Agency. There are other localities in the Missoula Valley 
in less than ideal hydrogeologic circumstances that 
exhibit similar water chemistry (Juday and Keller, 1978).
Differences between results from the 2/21/86 and 
4/24/86 sampling runs is tied to the increase in stream 
discharge between the two dates. Hayes Creek carried
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about five times the flow on 4/24/86 as on 2/21/86. The 
increase in volume may serve to dilute surface water 
^Glative to dissolved ions. In addition, well water 
rising in response to recharge from stream leakage, could 
mobilize partially treated septic water in the unsaturated 
zone above the water table, and increase the concentration 
of total dissolved constituents in wells that had 
previously exhibited elevated levels. This mechanism was 
used by Woessner and Shapley (1984) to explain increases 
in concentrations of dissolved ions and metals with rising 
water levels in tailings ponds in the Prospect Creek 
drainage near Thompson Falls, Montana.
Local residents should be concerned that further 
degradation of water quality will result if development 
expands to the west. The pattern of ground water flow is 
from west to east toward the ground water study area. 
Nitrate will move advectively in the same direction. Due 
to the hydrologie nature of fractured bedrock extreme care 
should be exercised when considering the design and 
location of additional septic systems.
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CHAPTER 6 
CONCLUSIONS
This study has attempted to evaluate a fractured 
bedrock aquifer located on an upland erosional surface in 
the southern portion of the Missoula Basin. Information 
was gathered with the purpose of characterizing the 
interaction between climatic, hydrologie, geologic, and 
hydrogeologic processes operating in a 3.9 mi^ within the 
H a yes Creek d r a i n a g e  basin. The hydrogeologic
I
investigation concentrated on a 0.2 mi^ area located in 
the lower most portion of the basin. The focus of the 
ground water investigation was the portion of the ground 
water study area with the highest concentration of wells.
Ground water in the lower Hayes Creek drainage basin 
occurs primarily in fractures in bedrock. Information 
collected during geologic mapping, aquifer testing, and 
literature review provides strong evidence the bedrock is 
fractured to the point that it may be treated as an 
equivalent porous media.
Within the ground water study area ground water is 
located in a ridge of siltite and argillite of the Mount 
Shields Member 3. The ground water system is thought to 
be unconfined. Seasonally ground water rises into 
coarse-grained poorly sorted sediments and clay-rich 
weathered bedrock that overly the subsurface ridge.
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Lightly fractured interbeds and seasonal high water levels 
above the unweathered/weathered bedrock contact provide 
mechanisms for confining the system.
Geologic mapping shows that the recharge area for the 
ground water system is structurally controlled. The Hayes 
Creek lineament and a northeast striking vertical fault 
increase the effective hydrologie outcrop area of the 
Mount Shields 2 quartz ite (pCms 2) west of the ground 
water study area. Whether the northeast striking fault 
promotes or inhibits ground water flow to the east could 
not be determined during this study, but development in 
the quartzite could short circuit recharge to that portion 
of the aquifer now utilized by local residents.
Based on the results of gamma logs, tabulations of 
specific capacity versus depth, review of well logs, and 
observations made during the drilling of four wells in the 
study area, its been determined that the effectiveness of 
bedrock wells, as indicated by their specific capacities, 
decreases with depth. The base of the fractured bedrock 
aquifer is between 280 and 300 feet below land surface 
based on the same sources of information.
Based upon precipitation, surface water discharge, 
and water level data collected during this study the 
fractured bedrock aquifer in the lower Hayes Creek 
drainage basin is recharged principally by loss of surface 
^  water from Hayes Creek to the ground water system.
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0  Infiltration of precipitation accounts for a small
percentage of ground water recharge. For the period of 
the study both surface water losses and precipitation had 
measurable effects on water levels in the ground water 
study area. Spring runoff caused the most rapid rise of 
water levels observed during the study. Peak stream 
^  discharge was during spring run-off in February, March,
and April of 1986. The onset of rains in August 1985 
marked the beginning of ground water recovery by 
eliminating the need for local residents to irrigate. 
Maximum precipitation occurred in August and September of 
1985. Precipitation, even in large amounts, had little 
effect on creek discharge. All bedrock wells except HC-35 
showed a dramatic rise in water levels in early fall 1985 
and early spring 1986 indicating Hayes Creek and the 
ground water system interact, and that the aquifer from 
SW-1 throughout the ground water study area is connected. 
A test well, HC-35, located about 1750 feet north of the 
nearest domestic well is least effected by pumping in the 
area of concentrated ground water use. Water level 
fluctuations in HC-35 reflect the natural response of the 
bedrock ground water system to seasonal recharge events.
Geologic mapping, water level measurements, the mass 
balance analysis, and water chemistry data show that 
faults control the pattern of ground water flow and the 
distribution of dissolved ions in the ground water study
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area. During months of intense pumpage a trough of 
drawdown develops parallel to a north-trending fault 
mapped as coinciding with a gully just east of Hayes Creek 
Road. When demand for ground water diminishes recharge to 
the system masses behind this fault as well as the Hayes 
Creek Lineament. The steepest hydraulic gradients in the 
ground water study are required to move ground water 
through the two fault zones.
Calculations utilizing results of the mass balance 
analysis and aquifer tests indicate that between 2 0% and 
4 0% of ground water migrating east through the ground 
water study area is diverted north by fault zones. The 
actual amount of ground water steered north will vary 
seasonally and depends on a number of factors, including; 
the volume of surface water recharging ground water, 
differences in head on either side of low permeability 
fault zones, the magnitude of north or south directed 
ground water gradients, and the quantity of ground water 
utilized by local residents during the irrigation season.
Water chemistry data also support the conceptual 
model of ground water flow described above. The portion 
of the study area exhibiting the highest concentrations of 
nitrate is located between a hydrologie divide formed by a 
buried bedrock ridge and the intersection of low 
permeability fault zones.
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Mass balance calculations for the lower Hayes Creek 
drainage basin indicate that over the course of the study 
there was a sufficient quantity of ground water to satisfy 
the needs of local residents. Maximum withdrawal of 
ground water occurs during summer months and is for the 
purpose of irrigating yards. Cessation of irrigation in 
late summer initiated recovery of the ground water system. 
Maximum natural recharge to the fractured bedrock system 
occurs during spring runoff. Aquifer tests indicate that 
the transmissivity of the fractured system averages 
approximately 600 gpd/ft while the geometric mean of 
hydraulic conductivity is 2.5 gpd/ft^.
Ground water quality in the lower Hayes Creek 
drainage basin is generally good except where unfavorable 
hydrogeologic conditions do not facilitate migration of 
conservative contaminants out of the system. Degradation 
of ground water is a problem that will persist in these 
circumstances. Development to the west of the ground 
water study area could compromise ground water quality 
further if steps are not taken to assure that septic 
effluent is properly treated.
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CHAPTER 7
RECOMMENDATIONS 
The valley sides of both the Missoula and Bitterroot 
Valleys consist of geologic materials usually considered 
unimportant from the hydrogeologic standpoint. Increasing 
development of land along the margins of the valleys 
raises questions concerning the quantities of available 
ground water. Compared to the alluvial aquifer in the 
Missoula Valley the bedrock system examined during this 
study is not a prolific producer of ground water. 
However, in the Hayes Creek area, there are sufficient 
volumes to satisfy the domestic needs of as many as 
thirty-three families in a relatively small area, showing 
that fractured bedrock can be an important source of 
ground water locally.
This investigation has shown that fractured systems 
are complex on a small scale, and suggests that 
exploratory drilling and reconnaissance geologic mapping 
should be conducted before developments are sited. Cost 
may prohibit a drilling program, but examination of the 
surface geology may reveal local geologic features such as 
faults or sets of fractures that have a profound effect on 
ground water flow and the movement of contaminants. An 
important finding of this study is that the fractured 
bedrock in the lower Hayes Creek area may be treated as a
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porous media for the purposes evaluating the hydraulic 
properties of the flow system. In addition to the 
geologic mapping and aquifer testing that was described in 
this paper, agreement with McMurtrey's (1965) estimates of 
transmissivity using porous media techniques and specific 
capacity data support this conclusion.
The majority of wells in the ground water study area 
are similar in construction to those drilled in the 
Missoula Valley. Perforated intervals are generally 
restricted to a narrow water-bearing zone that the driller 
feels is the most productive. In some cases wells are 
installed as open-ended pipes and are not perforated. 
Design of wells in the Missoula Valley is not critical 
given the prolific nature of the aquifer. However, in the 
lower Hayes Creek drainage basin wells with limited intake 
areas will suffer excessive drawdown due to partial 
penetration effects. Aquifer tests conducted during this 
study show that the fractured bedrock aquifer is 
vertically interconnected to depths ranging from 
approximately 50 feet to 365 feet. Well efficiency will 
be increased if greater lengths of the well are opened to 
the aquifer.
Contamination of the bedrock aquifer in the lower 
Hayes Creek drainage basin has been found to be a long­
term problem. Faults present subsurface barriers to 
ground water flow and prevent even conservative
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contaminants from leaving populated areas. This suggests 
that prevention of aquifer degradation should be a 
^ priority when an area is considered for development. Thin 
soils on bedrock do not provide adequate filtration or 
bacterial mechanisms for removal of pollutants before they 
reach the soil/rock contact. If, as is the case at Hayes 
Creek, the rock is fractured degraded water has numerous 
open avenues to ground water. To reduce the risk of 
contaminating ground water, wells in fractured bedrock
4 should be constructed to higher design criteria than wells
in unconsolidated sediment. Overdrilling to many feet 
below minimum seasonal water levels would facilitate 
placement of a pressure grout seal tremied into place at 
depth. This type of well construction would minimize the 
chance of surface water being transmitted along the 
casing. In very sensitive area residents may have to stop 
using nitrate or phosphate fertilizers. Quarterly ground 
water sampling presents a means of tracking septic impact. 
A quarterly sampling schedule that includes nitrate is 
recommended for the area of maximum ground water use in 
the lower Hayes Creek drainage basin.
+ For the purpose of predicting the effects long-term
pumping will have on a ground water system, estimates of
aquifer properties are essential. Aquifer tests are the 
best method of obtaining values of transmissivity, 
hydraulic conductivity, and storage representative of the
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aquifer (Strausberg, 1983) . For this study matching log- 
log field data plots to type-curves was made difficult by 
the short pumping periods used for each aquifer test. 
Longer duration pumping periods would facilitate more 
accurate estimates of aquifer properties and shed light on 
boundary conditions operating in the area of each test.
Fractured bedrock ground water systems are highly 
variable in nature. Given this it would be difficult to 
directly apply the results of this study to other areas 
where fractured rock is the source of ground water to 
local residents. However, this investigation should 
provide the necessary conceptual framework for others to 
assess the hydrogeology of the area's bedrock.
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APPENDIX A
WELL INVENTORY
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APPENDIX A 
WELL INVENTORY LEGEND
Location
Based on standard geographic 
grid system
Use
D
T
Domestic
Test
Aquifer Material
FB Fractured Bedrock
US Unconsolidated 
Sediments
Perforated Interval
P Perforated
OH Open Hole
Driller's Pumping Method
A Air Lift 
B Bailer
P Pump
Log Confidence Level
G
F
P
NL
Good 
Fair 
Poor 
No Log
I.D. Number
HC Study Designation
Elevation
Top of casing in feet 
above mean sea level
120
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
I
iîz
4^SfSr
i l"I
sis
KIK5ÏÏ
iSS!
11
“I
gi*'
gM
I
s
s
s
s
8
t
8
g
8
;
s
§3:T«;*lW ^ 3 .M
“185®- w ^
Si
s'ïi
èHil I
Ni85®
Ssi'ïl
Ni
121
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
r
t u
iii
p i
• S %
li
il
'ë
*?Tin ô
*s
8:2
R
S
SRrc RTrs* ̂
fy
«
;>
&
g
g
?»
il
M
£î
K:
h\.
lU
k l l
O 3 M.
il
i ! : |X >» X o
122
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
êÿgss s
;8 “ g
ël
K
ë
rI
8
g 8 S
:
ws o
P:
;;i I
â
I (/> % S3 5
« g
CM X
.Kg
'’"il
u ï l
123
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
I
*1=
Eli
11
ii
s._.
p i
s:
s
s
A
CL
s
s
s
= 1
II.-
-3S3
I
:;g
o ru«V • 2̂ 
:g
-Ï
St
2 I
«A «I
2 I
WKt
^ T n«_> *- 3 •
R; .Ï
2 I
.«Î8K6
®~‘!l
X  «- X  z
2I
sO w 4-
S 3 2 m .3 R .3
124
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
I :
!K2 =
gss
t-
- ER8::
si
||H
i i
S
S oCO" < 1*
= 8 : m c\i^ oss : * «n
5» M
I s s«e
se*'
25S2
Si
« 2 * 1
s»:
i 3O i- >
si
«Û pi «n
sHîl
:l
S* £S 3 »Ù ̂ 3 ̂
.=:sSss Ï
si
."Il»5
I s l i
125
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
M
= p i
i i |
siiO '
::
Eg
|si
;2gZ$ 3 2
Ii
II
m
Ô
.-I
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APPENDIX B
spssx d a t a  f i l e  a n d  p r o g r a m s
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APPENDIX B 
SPSSx PROGRAMS AND OUTPUT
comment FBWEL-SPS Dana Bayuk
2/14/86
title: System file for comparison of fractured bedrock 
wells
file handle 
data list
NUMBER
SECTION
STATIC
SURFELEV
LITH
compute
WELLS /
file = WELLS
name = 'FBWEL.DTA'
/
2-3
11-12
21-23
33-36
48
, TOWNSHIP 
, DISCHAR 
, DRAWDOWN 
, LOHEAD
5-6 
14-15 
25-27 y DEPTH
, RANGE 
, TIME
8-9
17-19
29-31
38-41 HIHEAD 4 3-4 6
variable labels 
DISCHAR 
TIME 
STATIC 
DRAWDOWN 
DEPTH 
SURFELEV 
LOHEAD 
HIHEAD 
SPECAP
SPECAP = DISCHAR / DRAWDOWN
'gallons per minute'
'minutes'
'in feet from top of casing'
'in feet'
'depth of well in feet'
'elev. of top of casing in feet' 
'lowest measured head in feet' 
'highest measured head in feet' 
'gallons per minute per foot'
value labels 
LITH
0 'rock type unknown' 
2 'pCms4'
4 'pCms2'
/
1 'pCb'
3 'pCms3' 
5 'pCmsl'
file label: Variation of fractured bedrock wells with 
depth
file handle 
/save
/finish
FBW
name = 'FBWEL.FIL' 
outfile = FBW 
map
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Index to System File
COLUMN NUMBER DESCRIPTION
1 Well number
2 Township
3 Range
4 Section
5 Discharge during initial
well development
6 Time of initial well
development
7 Static water level at time
well was drilled
8 Drawdown estimated during
initial well development
9 Well depth
10 Elevation at well head
11 M i n i m u m  g r o u n d  water
elevation
12 Maximum ground water
elevation
13 Geologic formation
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1 12 20 10 00
SPSSx 
000 000
System File 
000 140 3369 3350 3356 2
2 12 20 10 11 212 77 8 100 3460 3372 3384 2
3 12 20 10 00 000 000 000 100 3445 3359 3372 2
4 12 20 10 25 90 81 19 193 3452 3361 3372 4
5 12 20 10 25 90 57 193 260 3403 3269 3343 3
6 12 20 10 8 120 78 11 200 3399 3291 3327 3
7 12 20 10 15 60 80 10 120 3390 3290 3327 3
8 12 20 10 25 60 63 67 140 3388 3291 3324 3
9 12 20 10 6 60 70 100 145 3399 3276 3320 3
10 12 20 10 20 120 125 75 300 3395 3263 3317 3
11 12 20 10 6 60 70 10 165 3399 3282 3320 3
12 12 20 10 20 60 93 67 235 3405 3284 3337 3
13 12 20 10 00 000 000 000 175 3397 3285 3324 3
14 12 20 10 20 120 34 1 125 3382 3281 3333 3
15 12 20 10 40 60 51 59 120 3386 3282 3336 3
16 12 20 10 27 60 66 92 346 3391 3313 3332 3
17 12 20 10 6 120 50 10 158 3385 3297 3335 3
18 12 20 10 15 90 90 70 19 5 3391 3320 3355 3
19 12 20 10 20 120 60 10 195 3401 3311 3330 3
20 12 20 10 15 120 9 1 23 3304 3292 3294 3
21 12 20 10 25 120 60 65 180 3371 3293 3301 3
22 12 20 10 20 120 80 10 180 3377 3289 3299 3
23 12 20 10 15 120 180 80 300 3408 3220 3294 3
24 12 20 10 15 120 133 127 370 3396 3218 3291 3
25 12 20 10 20 60 100 165 320 3387 3220 3295 3
26 12 20 10 20 120 78 11 180 3354 3257 3328 3
27 12 20 10 3 000 35 60 180 3160 3296 3325 3
28 12 20 10 12 120 80 13 230 3355 3264 3337 3
29 12 20 10 15 120 135 11 170 3351 3254 3300 3
30 12 20 10 10 240 173 18 380 3361 3237 3292 3
31 12 20 10 8 150 125 9 250 3382 3249 3280 3
32 12 20 10 20 90 68 72 160 3381 3248 3281 3
33 12 20 10 15 180 91 149 280 3379 3240 3283 3
34 12 20 10 00 000 000 000 140 3380 3255 3284 3
35 12 20 10 00 000 000 000 130 3367 3298 3300 3
36 12 20 10 00 000 000 000 260 3283 3094 3170 3
37 12 20 10 00 000 000 000 100 3215 3132 3137 0
38 12 20 10 00 000 000 000 120 3160 3131 3138 0
39 12 20 10 00 000 000 000 000 3215 3124 3137 0
40 12 20 10 00 000 000 000 157 3180 3123 3128 0
41 12 20 10 00 000 000 000 55 3165 3139 3146 0
42 12 20 2 5 90 60 10 150 0000 0000 0000 1
43 12 20 2 8 90 60 10 150 0000 0000 0000 1
44 12 20 10 6 60 60 10 105 3367 0000 0000 3
45 12 20 10 35 60 90 1 150 0000 0000 0000 3
46 12 20 10 12 60 000 1 280 0000 0000 0000 3
47 12 20 10 12 120 80 60 200 0000 0000 0000 3
48 12 20 10 25 120 50 12 95 0000 0000 0000 3
49 12 20 10 8 60 65 10 125 0000 0000 0000 0
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50 12 20 10 25 360 97 83 204 0000 0000 0000 0
51 12 20 10 16 180 30 115 160 0000 0000 0000 5
52 12 20 10 15 120 98 152 380 0000 0000 0000 353 12 20 10 15 210 95 14 220 0000 0000 0000 354 12 20 2 10 330 132 88 220 0000 0000 0000 155 12 20 2 7 240 39 178 219 0000 0000 0000 356 12 20 2 14 240 25 35 240 0000 0000 0000 057 12 20 2 30 105 88 37 148 0000 0000 0000 158 12 20 10 15 60 80 12 200 0000 0000 0000 159 12 20 2 10 60 76 104 200 0000 0000 0000 3
60 12 20 10 16 000 28 53 219 0000 0000 0000 3
61 12 20 10 18 120 40 6 67 0000 0000 0000 3
62 12 20 2 10 000 135 7 162 0000 0000 0000 1
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SPSSx PROGRAMS
comment FBWELl.SPS DANA BAYUK
2/15/86
title Properties of wells in fractured bedrock
file handle FBW / name = 'FBWEL.FIL'
get file = FBW
select if ( SPECAP It 5.0 )
subtitle: Histogram and percentiles for SPECAP (specific 
capacity)
frequencies variables = specap 
/ format = notable
/ statistics = min, median, mean , max , stddev
/ histogram = minimum(0.001) , increment(0.2) ,
maximum(3.00)
finish
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comment FBWEL2.SPS DANA BAYUK
2/15/86
title: Properties of fractured bedrock wells compared to 
lithology
file handle 
get
select if
subtitle
breakdown
finish
FBW /
file = FBW 
( SPECAP It 5.0 )
Breakdown of SPECAP by LITH 
tables = SPECAP by LITH
name = 'FBWEL.FIL'
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comment FBWEL3.SPS DANA BAYUK
4/7/86
title: Regression of specific capacity of fractured bedrock 
wells and total depth
file handle FBW / name = 'FBWEL.FIL'
get file = FBW
select if (SPECAP It 5.0)
set length = 59
compute LOGCAP = IglO (SPECAP)
compute LOGDEP = IglO (DEPTH)
variable labels
LOGCAP " gallons per, minute per foot of drawdown"
LOGDEP " well depth in feet"
subtitle Scatterplot specific capacity data with depth
scattergram SPECAP with DEPTH
statistics all
options 4
subtitle Scatterplot log specific capacity with depth
scattergram LOGCAP with DEPTH
statistics all
options 4
subtitle: Scatterplot log specific capacity with log depth
scattergram LOGCAP with LOGDEP
statistics all
options 4
finish
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APPENDIX C
SUMMARY WELL DATA AND HYDROGRAPHS
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KEY TO WELL HYDROGRAPHS
WELL NUMBER 
WELL LOCATION
3.300
W  3.280
W  3.260
W  3.240
3,220
1
100 200 300
J A S O N D J F M A M J )
PERIOD C  MEASUREMENT vUNE 13.1985-JUNE 17,1986
400 (DAYS)
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WELL DATA
OWNER : *ARv LAN&ESDERFtR 
A D D R E S S  : S 3 3 D  S » V * A V  D R . .  
WfLL LOCATION : T 12N. R2CW,WELL ID NjweER : MC-1 
E l e v a t i o n  : 3 3 6 9  F E E T  
W E L L  D E P T H  : 1 4 0  F E E T
WELL WATER FLUCTUATIONS
M I S S O U L A .  M T  
N ia N L  N w  S E C  10
D A T E s t a t i c L E V E L W E L L  W A T E R  D E P T H t o t a l  h e a d
J O N 13 1 9 6 5 16. 37 F T 1 2 3 . 6 3 F T 3 3 5 2 . 6 3 F T
J U N 27 1 9 6 5 1 9 . 3 9 F T 1 2 0 . 6 1 F T 3 3 4 9 . 6 1 FT
J U L 12 1 9 6 5 16 .44 FT 121 .56 F T 3 3 5 0 . 5 6 FT
JUL 2 S 1 9 6 5 1 6 . 2 4 F T 1 7 3  .76 FT 3 3 5 2 . 7 6 F T
A U G e 1 9 6 5 1 5 . 6  1 FT 1 7 4 . 1 9 F T 3 3 5 3 . 1 9 FT
A U G 29 1 9 8 5 1 3 . 7 3 FT 1 2 6 . 2 7 F T 3 3 5 5 . 2 7 FT
S E P 16 1 9 6 5 1 5 . 6 5 FT 1 2 4 . 3 5 F T 3 3 5 3 . 3 5 F T
O C T 3 1 9 6 5 1 4 . 1 6 F T 1 2 5 . 6 2 FT 3 3 5 4 . 6 2 FT
O C T 17 1 9 6 5 1 3 . 2 9 F T 1 2 6 . 7  1 F T 3 3 5 5 . 7  1 FT
N O V 6 1 9 6 5 1 4  . 12 FT 1 2 5 . 6 6 F T 3 3 5 4 . 6 8 F T
D E C 3 1 9 6 5 1 5 . 6 9 FT 1 2 4 . 1 1 F T 3 3 5 3 . 1 1 FT
D E C 31 1 9 6 5 1 2 . 6 0 F T 1 2 7 . 4 0 F T 3 3 5 6 . 4 0 FT
JAN 31 1 9 6 6 1 4 . 3 4 F T 1 2 5 . 6 6 F T 3 3 5 4 . 6 6 F T
MAR 6 1 9 6 6 1 3 . 6 6 F T 1 2 6 . 1 2 F T 3 3 5 5 . 1 2 F T
MAR 17 1 9 6 6 1 3 . 5 0 F T 1 2 6 . 5 0 F T 3 3 5 5 . 5 0 F T
APR e 1 9 6 6 1 2 . 5 7 F T 1 2 7 . 4 3 F T 3 3 5 6 . 4 3 F T
MAY 23 1 9 6 6 1 3 . 4 4 F T 1 2 6 . 6 6 F T 3 3 5 5 . 5 6 F T
J U N 17 1 9 6 6 13 24 F T 1 2 6 . 7 6 F T 3 3 5 5 . 7 6 F T
WELL HC-1 
LANGENDERFER, 5330 SKYWAY DR., MISSOULA, MT
_ JLU>LU
LU
W  3,354
CD
3.352LU
Q
<  3.350
0 100 200 300 400
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WELL DATA
O h N E R  : C H R I S  S w A R T l E V
A D D R E S S  : 5 3 8 0  S K V » A V  D R . .  M I S S O U L A .  M T  
W E L L  L O C A T I O N  : T 1 2 N .  A 2 0 * .  N W  N E  N A  S E C . 10 
W E L L  I D  N U M B E R  ; M C - 2  
E L E V A T I O N  Î 3 4 6 0  F E E T  
W E L L  D E F l H  ; l O O  F E E T
WELL WATER FLUCTUATIONS
D A T E s t a t i c l e v e l W E L L  W A T E R ; d e p t h t o t a l  M E A D
J U N 13 1 9 6 5 B 1 .08 FT 1 8 . 9 2 FT 3 3 7 6 . 9 2 FT
J U N 27 1 9 8 5 8 3 . 7 6 F T 16. 2 3 FT 3 3 7 6 . 2 4 F T
J U L 1 2 1 9 6 5 8 7 . 5 0 F T 12 5 0 F T 3 3 7 2 . 5 0 F T
J U L 25 1 9 6 5 6 6  . 26 F T 1 1 . 7 2 F T 3 3 7 1 . 7 2 F T
A U G 6 1 9 8 5 8 7  . 10 FT 1 2 . 8 9 FT 3 3 7 2 . 9 0 F T
A U G 29 1 9 8 5 6 4  . 19 F T 1 5 . 8 1 FT 3 3 7 5 . 6 1 F T
S E P 16 1 9 6 5 8 1 . 2 6 FT 16 . 7 2 FT 3 3 7 8 . 7 2 F T
O C T 3 1 9 6 5 7 9  . 7 5 F T 2 0 . 2 5 F T 3 3 6 0 . 2 5 FT
O C T 17 1 9 8 5 8 0 . 9 1 F T 1 9 . 0 9 F T 3 3 7 9 . 0 9 F T
N O V 5 1 9 6 5 76 . 0 5 F T 2 1 . 9 4 F T 3 3 8 1  .95 F T
D E C 3 1 9 8 5 77 . 2 0 F T 2 2 . 8 0 F T 3 3 6 2 . 8 0 F T
D E C 3 1 1 9 8 5 7 6  .98 F T 2 3 . 0 2 F T 3 3 6 3 . 0 ? FT
J A N 3 I 1 9 6 6 7 6 .  77 F T 23  . 2 2 F T 3 3 6 3 . 2 3 FT
FEfi 21 1 9 6 6 7 6. 9 4 F T 2 3 . 0 6 F T 3 3 6 3 . 0 6 FT
M A R 6 1 9 6 6 7 6 . 3 2 F T 2 3 . 6 6 F T 3 3 6 3 . 6 6 FT
M A R 17 1 9 6 6 7 5 . 6 9 FT 2 4 . 3 1 F T 3 3 8 4 . 3 1 FT
A P R 8 1 9 6 6 7 6 . 6 4 F T 2 3. 16 F T 3 3 8 3 . 1 6 FT
M A Y 23 1 9 6 6 7 5  .97 F T 2 4 . 0 2 F T 3 3 8 4 . 0 3 F T
J U N 17 1 9 6 6 7 8 . 9  1 F T 21 . 0 9 F T 3 3 8 1 . 0 9 FT
WELL HC-2 
SVVAFRTLJ:̂ /, 5»:58(D [)R., K4ISf5C)UL/\, NXT
3.3£
W
w—i
w
tn
3.36 0
W
CD
LÜW
W
3.370
300 400100 200
or pimn nr j/r a c f ipr ur WT ..iiwr n  icps-jllMF 17 ippf
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WELL DATA
Owne r ! JOSEPH BOODv
«DORESS : S376 SW»w*Y DR.. MISSOULA. Ml 
WELL LOCATION : T12M. R20w. NW NE Nw SEC.10 
WEtL 10 NUMBER : MC-3 
e l e v a t i o n : 34AS FEET 
WELL d e p t h ; IOC FEET
HELL WATER FLUCTUATIONS
d a t e S T A T I C l e v e l W E L L  W A T E R d e p t h T O T A L  H E A D
J U L 12 1 9 6 5 8 4 . 7 6 FT 1 5 . 2 2 FT 3 3 t O , 2 2  F TJUL 2 5 1 9 6 5 8 4  . 6 6 FT 1 5 . 3 1 FT 3 3 6 0 . 3 2  FTAUG a 1 9 6 5 6 4  . 74 F T i5 . 2 0 F T 3 3 6 0 . 2 6  F TAUG 2 9 1 9 6 5 81 .58 F T 18 .42 FT 3 3 6 3 . 4 2  F T
S E P 16 1 9 6 5 6 0 . 4 6 F T 1 9 . 5 1 F T 3 3 6 4 . 5 1  F T
O C T 3 1 9 8 5 7 9 . 5 6 FT 2 0 . 4 3 FT 3 3 6 6 . 4 4  FT
O C T 17 1 9 8 5 6 0 . 0 8 FT 1 9 . 9 2 F T 3 3 6 4 . 9 2  FT
N O V 5 1 9 8 5 7 6 . 5 0 FT 2 1 . 5 0 F T 3 3 6 6 . 5 0  FT
D E C 3 1 9 6 5 7 7 . 5 4 F T 22  , 0 6 FT 3 3 6 7 . 0 6  FT
D E C 31 1 9 6 5 7 6  . 0 5 F T 21.91 FT 3 3 6 6 . 9 1  FTJAN 31 1 9 6 6 7 7 . 5 : FT 2 7 . 4 7 FT 3 3 6 7 . 4 8  F TMAR 6 1 9 6 6 7 3 . 6 : F T 2 6. 16 FT 3 3 7 1 . 1 6  F TMAR 17 1 9 6 6 7 3 .  24 FT 7 6 . 7 6 FT 3 3 7 1 . 7 6  F TAPR 6 1 9 6 6 7 4 . 1 6 F T 2 5  . 6 4 FT 3 3 7 0 . 6 4  F TMA V 2 3 1 9 8 6  i ■ 7 4 . 0 1 F T 2 5 . 9 6 F T 3 3 7 0 . 9 9  FT
WELL HC-3 
EBO[)[)Y, 5:575 SaCYl/Z/ür [)Ft, h/ÜS!5(:%JL_A, k/ilT
3.375
W
<ÜJ
3.370
<
w
CD 3,3G
LlJ
W
4 00100 300200
P£R:00 or WERSUREvE^l jJNE 13J9B5-JUNC n,19B6
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WELL DATA
Owner ! KEN HENEOtB
*OORESS : 639E SKYWtV DR., MISSOULA. MT 
WELL l o c a t i o n ; T12N. RZOW, Nw NE Nw SEC.10
well id number . KlC-4 
Elevation = 3 4 5 ? feet 
WELL depth : 193 FEET
WELL WATER FLUCTUATIONS
D A T E S T A T I C  L E V E L W E L L  W A T E R d e p t h t o t a l  h e a d
J U N 2 0 1 9 8 5 8 7 .  16 FT 1 0 6 . 8 4 F T 3 3 6 4 . 6 4 FT
J U N 27 1 9 8 5 6 8  .82 FT 1 0 4 . 1 8 F T 3 3 6 3 . 1 8 FT
J U L 12 1 9 8 5 9 0  . 2 9 FT 1 0 2 . 7 1 F T 3 3 6 1 - 7 1 FT
J U L 2 & 1 9 6 5 9 1  3 5 FT 1 0 1 . 6 5 FT 3 3 6 0 . 6 5 FT
A U G G 1 9 6 5 9 0 .  18 FT 1 0 2 . 8 2 F T 3 3 6 1 . 8 2 FT
A U G 2 9 1 9 6 5 6 8 . 1 6 F T 1 0 4 . 8 2 F T 3 3 6 3 . 6 2 F T
S E P 16 1 9 8 5 6 7  . 16 F T 1 0 5 . 6 4 F T 3 3 6 4 . 8 a FT
O C T 3 1 9 6 5 8 6 . 2 0 F T 1 0 6 . 6 0 F T 3 3 6 5 . 6 0 FT
O C T 17 1 9 8 5 8 5 . 5 1 F T 1 0 7 . 4 9 F T 3 3 6 6 . 4 9 FT
N O V b 1 9 6 5 6 5 . 0 6 FT 1 0 7 . 9 2 F T 3 3 6 6 . 9 2 FT
D E C 3 1 9 8 5 6 4 . 5 4 F T 1 0 6 . 4 6 F T 3 3 6 7 . 4 6 F T
D E C 31 1 9 6 5 6 4. 16 FT 1 0 6 . 8 2 F T 3 3 6 7 . 6 2 FT
J A N 31 1 9 8 6 64. 15 F T 1 0 6 . 8 5 F T 3 3 6 7 . 6 5 FT
ftb 21 1 9 6 6 8 0  .64 FT 1 1 2 . 3 6 FT 3 3 7  1 . 3 6 FT
M A P e 1 9 6 6 6 0 . 6 4 F T 1 1 2 . 3 6 F T 3 3 7  1 - 3 6 F T
M A R 17 1 9 8 6 7 9 . 6 3 FT 1 1 3 . 3 7 F T 3 3 7 2 . 3 7 FT
A P R b 1 9 6 6 7 9 . 2 1 F T 1 1 3 . 7 9 FT 3 3 7 2 . 7 9 F T
M A Y 23 1 9 8 6 6 0 . 5 9 F T 1 1 2 . 4 1 FT 3 3 7  1.41 F T
WELL HC-4 
!53C)5 [)R., KdEZBCXJLJX, tvHT
_jÜJ>W— I<LÜ
z<w
LlJ
CD
WwLE. 3.365-
O
w
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HELL DATA
OwNtR ; p et e ODEOARtl
ADDRESS : 7366 ÔERVL DR.. MISSOULA, MT
KELL LOCATION ; T1ÏN. B20W, NE NE NK SEC.10
WELL 10 NUMBER : m C*6
E l e v a t i o n  3 4 0 2  f e e t
WELL depth : Seo FEET
WELL WATER FLUCTUATIONS
D A T E s t a t i c l e v e l W E L L  W A T E R  d e p t h t o t a l  m e a d
J U N 13 1 9 8 5 9 0 . 5 4 F T 1 6 9 . 4 6 F T 3 3 1 1 . 4 6 F T
J U N 2 7 1 9 6 5 8 2 . 4 0 F T 1 7 7 . 6 0 F T 3 3 1 9 . 6 0 F T
J U L 12 1 9 6 5 1 0 7 . 9 6 F T 1 5 2 . 0 5 FT 3 2 9 4 . 0 5 FT
J U L 2 5 1 9 6 5 1 2 8 . 7 1 F T 1 3 1 . 2 9 F T 3 2 7 3 . 2 9 F T
A U G 8 1 9 8 5 1 3 3 . 2 0 F T 1 2 6 . 7 9 F T 3 2 6 6 . 8 0 FT
A U G 2 9 1 9 6 5 1 0 3 , 2 3 F T 1 5 6 . 7 7 F T 3 2 9 6 . 7 7 F T
S E P 16 1 9 8 5 9 2 , 1 1 F T 1 6 7 . 6 9 F T 3 3 0 9 . 8 9 FT
O C T 3 1 9 8 5 8 3 .  1 1 F T 1 7 6 . 8 9 F T 3 3 1 8 . 8 9 FT
O C T 17 1 6 8 5 7 8 . 3 5 F T 16 Î .65 FT 3 3 2 3 . 6 5 FT
N O V 5 1 9 6 5 7 5 . 4 6 F T 1 8 4 . 5 4 FT 3 3 2 6 . 5 4 F T
D E C 3 1 9 6 5 6 9 . 8 2 F T 1 9 0 , IB F T 3 3 3 2 . 1 6 F T
D E C 3 1 1 9 6 5 6 7 . 0 3 F T 1 9 2 . 9 7 FT 3 3 3 4 . 9 7 F T
J A N 31 1 9 8 6 6 5 . 8 2 F T 1 9 4 . 1 8 FT 3 3 3 6 . 1 8 F T
F E 8 21 1 9 6 6 6 3 . 0 6 F T 1 9 6 . 9 4 FT 3 3 3 6 . 9 4 F TMAP 6 1 9 8 5 6 3  . 6 5 F T 1 9 6 . 3 5 F T 3 3 3 6 . 3 5 F T
A P R B 1 9 6 6 5 9 . 9 9 F T 2 0 0 , 0 1 F T 3 3 4 2 . 0 1 F TMAY 2 3 1 9 6 6 6 0 . 7 5 F T 1 9 9 . 2 5 F T 3 3 4 1 . 2 5 F T
J U N 17 1 9 6 6 6 6 . 3 4 F T 1 7 3 . 6 6 F T 3 3  1 5 . 6 6 F T
WELL HC-5 
()[%:G/\R[), 7:585) E3EFRYL[)FL KdE;SOULV\, KdT
LÜ>LÜ
<W(/)
Z<ÜJz
LÜ>o
CD<
W%
_J
i
3,360
3,340
3.320
3,300
3.280
3.260
4 00300200100
PERIOD or WEASlJREMCNI uU^E 13,l&c5-JUNE
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WELL DATA
O w n e r  : T O M  B u t l e r
A D D R E S S  : 5 * 1 5  S K Y W A Y  D R . .  M J S S O U L * .  M T  
W E L L  L O C A T I O N  : T 1 2 N ,  R 2 0 w .  N E  N E  N W  S E C .  10 
W E L L  I D  N U M B E R  ; H C - B  
E L E V A T I O N  : 3 3 9 9  F E E T  
W E L L  D E P T M  : 1 9 0  F E E T
WELL WATER FLUCTUATIONS
s t a t i c  l e v e l  W E L L  W A T E R  D E P T H  T O T A L  H E A D
J U N 13 1 9 8 5 9 2 .  2 0 F T 9 7 , 8 0 F T 3 3 0 6 . 8 0 F T
J U N 2 7 1 9 8 5 1 0 3 . 5 3 F T 6 6 . 4 7 F T 3 2 9 5 . 4 7 F T
J U L 12 1 9 6 5 1 0 6 . 9 2 F T 8 3 . 0 8 F T 3 2 9 2 . 0 6 FT
J U L 2 5 1 9 8 5 1 0 4 . 5 6 F T 8 5 . 4 4 FT 3 2 9 4 . 4 4 FT
A U G 8 1 9 8 5 1 0 8 . 5 6 FT 8 1  .43 FT 3 2 9 0 . 4 4 F T
A U G 2 9 1 9 6 5 1 0 6 . 2 2 F T 6 3 . 7 6 F T 3 2 9 2 . 7 6 F T
S E P 15 1 9 8 5 1 0 4 . 4 ? F T 8 5 . 5 6 FT 3 2 9 4 . 5 8 F T
O C T 3 1 9 8 5 9 9 . 9 4 F T 9 0 . 0 6 F T 3 2 9 9 . 0 6 F T
O C T 17 1 9 8 5 9 6 . 6 2 F T 91 . 36 F T 3 3 0 0 . 3 8 F T
N O V 5 1 9 6 5 9 4 . 9 7 F T 9 5 . 0 3 F T 3 3 0 4 . 0 3 F T
D E C 3 1 9 6 5 91 .03 F T 9 8 . 9 7 FT 3 3 0 7 . 9 7 F T
D E C 3 1 1 9 6 5 9 0 . 3 6 F T 9 9  . 6 4 FT 3 3 0 6 . 6 4 F T
U A N 31 1 9 6 6 8 6 . 3 6 F T 1 0 3 . 6 2 F T 3 3 1 2 . 6 2 F T
M A R 5 1 9 8 6 8 0 . 5 5 FT 1 0 9 . 4 6 F T 3 3 1 8 . 4 5 F T
M A R 17 1 9 8 6 7 5 . 9 3 FT 1 1 4 . 0 7 F T 3 3 2 3 . 0 7 F T
A P R 6 1 9 8 6 7 1 . 9 1 FT 1 1 6 . 0 9 F T 3 3 2 7 . 0 9 F T
M A Y 2 3 1 9 8 6 7 2 . 9 0 FT 1 1 7 . 1 0 F T 3 3 2 6 . 1 0 F T
J U N 1 7 1 9 6 6 6 5 .  19 FT 1 0 4 . 6 1 FT 3 3 1 3 . 6 1 FT
WELL HC-6 
E3UTLJER, 5/L15 [)FL, tVllS;S;C)LJLA, k/TT
w  
w
w1/3
ê
LU LU
Q
<tLUX
_J
o
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3.28
400100 200
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WELL DATA
OWNER: DON POPHAMADDRESS: 5435 SKYWAY DR., MISSOULA, HTWELL LOCATION: TI2N. R20W, ME ME MW SEC. 10WELL ID NUMBER: HC-7ELEVATION : 3388 FEETWELL DEPTH: 120 FEET
WELL WATER FLUCTUATIONS
DATE STATIC LEVEL WATER WELL DEPTH TOTAL HEAD
JUN 13 1985 79.67 FT 40.33 FT 3309.98 FTJUN 37 1965 67.30 FT 32.69 FT 3302.35 FTJUL 11 1985 96.32 FT 23.68 FT 3293.33 FTJUL 25 1965 100.06 FT 19.93 FT 3289.59 FTAUG e 1985 96.73 FT 21.27 FT 3290.92 FTAUG 29 1965 97.26 FT 22.73 FT 3292.39 FTSEP 16 1985 96.41 FT 23.59 FT 3293.24 FTOCT 3 1965 92.60 FT 27.39 FT 3297.05 FTOCT 17 1985 90.45 FT 29.55 FT 3299.20 FTNOV 5 1965 86.63 FT 33.37 FT 3303.02 FTDEC 3 1985 62.97 FT 37.02 FT 3306.68 FTDEC 31 1965 61.99 FT 38.01 FT 3307.66 FTJAN 31 1986 77.99 FT 42.01 FT 3311.66 FTMAR 6 1986 66.78 FT 51.22 FT 3320.87 FTMAR 17 1986 65.85 FT 54 .14 FT 3323.80 FTAPR 8 1966 63.23 FT 56.77 FT 3326.42 FTMAY 23 1986 64.54 FT 55.46 FT 3325.11 FTJUN 17 1966 72.98 FT 47.02 FT 3316.67 FT
WELL HC-7 
POPHAM, 5435 SKYWAY DR., MISSOULA, MT
3.330
LJ
LJ_J
LJ 3,320 LO
<w
uJ
CD
Q
<  3,290-
3,260
100 200 300
PtROD O'" MEAJ'JREMEMT viUNE 13496 6 - JUNE 17,1966
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WELL DATA
Ow n e r : GREGORY PATENT
A D D R E S S  : 6 4 4 5  SKYWAY D R . .  M I S S O U L A .  M T  
W E L L  L O C A T I O N  ; T 1 2 N ,  R 2 Û W .  N E  N E  N W  S E C .  10 
W E L L  1 0  N U M B E R  : H C - 8  
E l e v a t i o n  i asee f e e t  
W E L L  D E P T H  ! 1 4 0  f e e t
WELL WATER FLUCTUATIONS
D A T E S T A T I C L E V E L W E L L  W A T E R d e p t h t o t a l  h e a d
J U N 13 1 9 8 5 6 7  , 59 F T 5 2  .41 F T 3 3 0 0 . 4 1 FT
J U N 27 1 9 8 5 9 2 . 0 6 F T 4 ?  9 3 F T 3 2 9 5 . 9 4 FT
J U L 12 1 9 B 5 6 2 . 6 2 F T 4 7  . 38 F T 3 2 9 5 . 3 6 F T
J U L 25 1 9 8 5 9 6 .  10 F T 4 3 . 6 9 F T 3 2 9 1 . 9 0 F T
A U G 6 1 9 6 5 9 7  . A O FT 4 2 . 6 0 F T 3 2 9 0 . 6 0 F T
A U G 29 1 9 6 5 9 6 . 4 6 F T 4 3 . 5 4 F T 3 2 9 1 . 5 4 F T
S E P 16 1 9 8 5 9 5 . 3 0 FT 4 4 . 7 0 F T 3 2 9 2 . 7 0 F T
O C T 3 1 9 6 5 9 1  . 4 9 FT 4 8 . 5 1 F T 3 2 9 6 . 5 1 F T
O C T 17 1 9 6 5 6 9 . 9 6 F T 5 0 . 0 4 F T 3 2 9 6 . 0 4 F T
N O U 5 1 9 6 5 6 5 . 7 1 FT 5 4 .  2 9 F T 3 3 0 2 . 2 9 F T
D E C 3 1 9 6 5 8 1 , 9 5 F T 5 8 . 0 5 FT 3 3 0 6 . 0 5 F T
D E C 3 1 1 9 8 5 7 9 . 3 0 F T 6 0  . 7 0 F T 3 3 0 8 . 7 0 F TJ A N 3 1 1 9 6 6 7 7 . 0 3 F T 6 2 . 9 7 F T 3 3 1 0 . 9 7 F TM A R 6 1 6 8 6 71 . 9 6 F T 6 8 . 0 4 F T 3 3 1 6 . 0 4 F TMAR 17 1 9 8 6 6 7 . 4 2 F T 7 2 . 5 8 F T 3 3 2 0 , 5 6 F TA P R e 1 9 6 6 6 4 . 1 3 F T 7 5 . 8 7 F T 3 3 2 3 . 6 7 F TM A Y 23 1 9 6 6 6 3 . 8 7 F T 7 6 .  13 F T 3 3 2 4 . 1 3 F TJ U N 17 1 9 6 6 7 2 . 7 3 FT 6 7 . 2 7 F T 3 3 1 5 . 2 7 F T
WELL H C -8 
PATENT, 5445 SKYWAY DR.. MISSOULA. MT
_ l
LÜ>
ÜJ
<  3,320
UJ(/)z<
UJ
UJ
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UJ
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WLLL UAIA
O W N E R  : T O N V  G A L L E G O S  ( O L D )
A D D R E S S  : 7 1 0 0  D E V O N S H I R E  L A N E .  M I S S O U L A .  M T  
W E L L  L O C A T I O N  : T 1 2 N .  ftîOw. N W  N W  N E  S E C .  10 
W E L L  I D  N U M B E R  : « C - 9  
E L E V A T I O N  : 3 3 9 B  F E E T
W E L L  D E P T H  ; 1 4 0  F E E T
WELL WATER FLUCTUATIONS
D A T E S T A T I C  L E V E w W E L L  W A T E R 1 D 6 P T M T O T A L  M E A D
J U N 13 1 9 6 5 9 6 . 2 4 FT 4 3  . 7 6 F T 3 3 0 1 . 7 6 FT
J U N 27 1 9 6 5 1 0 7 . 3 3 FT 3 2  . 6 7 F T 3 2 9 0 . 6 7 FT
J U L 12 1 9 8 5 1 1 2 . 2 0 F T 2 7 . 8 0 F T 3 2 6 5 . 8 0 F T
A U G e 1 9 6 5 1 1 6 . 4 3 FT 2 3 . 5 6 FT 3 2 8  1 . 5 7 F T
A U G 2 9 1 9 6 6 1 2 2 . 3 6 FT 1 7 . 6 1 F T 3 2 7 5 . 6 2 F T
S E P 16 > 6 6 5 1 1 5 . 5 6 F T 2 4 . 4 3 FT 3 2 8 2 . 4 4 FT
O C T 3 1 9 6 5 1 03 8 5 FT 3 6 .  14 F T 3 2 9 4 . 1 5 FT
O C T 17 1 9 6 5 1 0 0 . 7 8 F T 3 9  . 2 2 F T 3 2 9 7 . 2 2 FT
N O V 5 1 9 6 5 9 9 . 2 6 F T 4 0 . 7 6 FT 3 2 9 6 , 7 5 FT
N O V 22 1 9 6 5 9 7  . 43 F T 4 2 . 5 7 F T 3 3 0 0 . 5 7 FT
D E C 3 1 9 6 6 9 6 . 2 7 F T 4 3 . 7 2 F T 3 3 0 1 . 7 3 FT
D E C 31 1 9 6 5 9 5 . 3 7 F T 4 4 . 6 3 F T 3 3 0 2 . 6 3 FT
J A N 2 2 1 9 6 6 9 4 . 8 0 FT 4 5 . 2 0 F T 3 3 0 3 . 2 0 FT
J A N 31 1 9 6 6 9 4 . 6 9 FT 4 5  . 1 0 FT 3 3 0 3 .  1 1 FT
P E G 2 0 1 9 6 6 9 4  . 8 0 F T 4 5 . 2 0 F T 3 3 0 3 . 2 0 FT
M A R 6 1 6 8 6 6 8 . 3 0 FT 5 1  . 7 0 F T 3 3 0 9 . 7 0 FT
M A R 17 1 9 8 6 6 0 .  18 FT 5 9 . 8 2 F T 3 3 1 7 . 8 2 F T
A P R fi 1 9 6 6 60.38 F T 5 9 . 6 2 FT 3 3 1 7 . 6 2 FT
M A Y 23 1 9 8 6 91 . 7 4 F T 4 6  . 2 6 F T 3 3 0 6 . 2 6 FT
J U N 17 1 9 8 6 1 0 9 . 6 2 F T 3 0 . 3 8 F T 3 2 6 8 . 3 6 F T
WELL HC-9 
GALLEGOS (OLD), 7100 DEVONSHIRE LANE, MISSOULA, M'
3,330-JLÜ>
LlJ
_J
C  3.320
LUI/)z<:LU 3.310 2
LU
O00 3.3 0 0 <
LU
LUIJ- 3.290
O
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3.270
100 200 3 0 0 400
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WELL DATA
OWNER ; TONV GiLLECOS (NEW)
ADDRESS : 7JO0 OEvONSrfJRE LANE, Ml SSOOLA MT 
WELL LOCATION : T 12N . R2QW. NW NW NE SEC 10 
well ID NUMBER ; MC-10 
ELEVATION : 3395 FEET 
WELL DEPTH : 3C0 FEET
WELL WATER FLUCTUATIONS
D A T E S T A T I C L E V E L W E L L  W A T E R 1 D E P T H T O T A L  H E A D
A U G 13 1 9 6 6 1 1 6 . 6 2 F T 1 6 1 . 1 8 F T 3 2 7 6 . 1 6 F T
A U G 29 1 9 6 5 1 3 2 . 6 3 F T 1 6 7 . 3 ? F T 3 2 6 2 . 3 7 F T
S E P 16 > 9 6 5 1 1 4 . 7 6 F T 1 8 5 . 2 2 F T 3 2 8 0 . 2 2 F T
o c i 3 1 9 6 5 1 0 2 . 1 5 F T 1 9 7 . 6 5 F T 3 2 9 2 . 8 5 F T
O C T 17 1 9 6 6 9 8  . 6 6 F T 2 0 1 . 3 4 F T 3 2 9 6 . 3 4 F T
N O V 6 1 9 6 6 9 6  6 0 F T 2 0 3 . 2 0 F T 3 2 9 8 . 2 0 F T
N O V 22 1 9 6 5 9 3 . 4 9 F T 2 0 6 . 5 1 F T 3 3 0 1 . 5 1 F T
D E C 31 1 9 6 5 9 2 . 4 9 F T 2 0 7 . 6 1 F T 3 3 0 2 . 5 1 F TJAN 31 1 9 8 6 9 1  . 66 F T 2 0 8 . 1 4 F T 3 3 0 3  - 14 F T
M A R 6 1 9 6 6 6 4 . 5 1 F T 2 1 5 . 4 9 F T 3 3 1 0 . 4 9 F T
M A R 17 1 9 6 6 7 7  .66 F T 2 2 2 . 3 4 F T 3 3 1 7 . 3 4 F T
A P R 6 1 9 8 6 7 6  . 13 F T 2 2  1 .67 F T 3 3 1 6 . 8 7 F T
M A Y 23 1 9 6 6 6 7  . 7 3 F T 2 1 2 . 2 7 F T 3 3 0 7 . 2 7 F TJUN 17 1 9 8 6 1 0 8 . 3 5 F T 191 ,65 F T 3 2 8 6 . 6 5 F T
WELL HC-10
Ĉ L̂LEDC%5 ĴEVyX 7100[]EA/C%^SHfü: LATVE, k/EiSCXJL/\, VT
3.320
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W
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P [ C ,00 o r  M L A S J R & W C N :  JUNE 13, ) S65 - J Ü N E  T?.)SB6
152
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
WILL DAI A
o w n e r : OAN PR2DEAX
A D D R E S S  ; 7 1 6 0  D E V O N S H I R E  L N .  M I S S O U L A .  M l  
W E L L  L O C A T I O N  : T 1 2 N . R Z O W .  N W  N W  N £  S E C . 10 
W E L L  1 0  N U M B E R  : M C - 11 
E L E V A T I O N  I 3 3 9 9  F E E T  
W E L L  d e p t h  ; 1 6 7  F E E T
WELL WATER FLUCTUATIONS
D A T E s t a t i c  L E V E L N E L L  W A T E R d e p t h t o t a l  m e a d
JOH 2 7 1 9 6 5 9 0 . 0 5 FT 7 6 . 9 5 FT 3 3 0 8 . 9 5 F T
J U L 1 1 1 9 6 5 1 0 1 . 0 1 F T 6 5 . 9 9 FT 3 2 9 7 . 9 9 FT
J U L 2 5 1 9 6 5 9 9 . 2 6 F T 6 7  . 7 4 F T 3 2 9 9 . 7 4 F T
A U G 6 1 9 8 5 1 1 1 . 3 2 F T 5 5  . 66 F T 3 2 8 7 - 6 8 F T
A U G 2 9 1 9 6 5 1 1 6 . 9 9 F T 5 0 . 0 1 F T 3 2 6 2 . 0 1 FT
StP 16 1 9 6 5 1 0 9 . 6 7 F T 5 7 .  13 FT 3 2 6 9 . 1 3 F T
O C T 3 1 9 6 5 1 0 1 . 6 3 F T 6 5 . 3 7 FT 3 2 9 7 . 3 7 FT
O C T 17 1 9 6 5 9 9  . 27 F T 6 7  . 7 2 FT 3 2 9 9 . 7 3 F T
N O V 4 1 9 8 5 9 7 . 7 9 F T 6 9 .  21 F T 3 3 0 1 . 2 1 F T
D E C 3 1 9 6 5 9 5 . 0 6 F T 7 1 . 9 3 F T 3 3 0 3 . 9 4 F T
D E C 3 1 1 9 8 5 9 3 . 7 3 FT 7 3 . 2 7 FT 3 3 0 5 - 2 7 FT
J A N 31 1 9 8 6 9 2 . 6 5 FT 7 4  . 14 FT 3 3 0 6 . 1 5 FT
M A O e 1 9 6 6 6 6 . 7 6 F T 6 0  . 2 4 FT 3 3 1 2 . 2 4 F T
M A R 1 7 1 9 6 6 7 9 - 3 6 FT 8 7 . 6 4 FT 3 3 1 9 . 6 4 F T
A P R 6 1 9 6 6 79, 10 FT 8 7  . 9 0 FT 3 3 1 9 . 9 0 FT
W A V 2 3 1 9 6 6 6 6 . 6 2 F T 8 0 .  18 F T 3 3 1 2 . 1 8 F TJUN 17 1 9 8 6 9 7 . 6 8 F T 6 9 .  3 2 F T 3 3 0 1 . 3 2 F T
WELL HC-11 
PRIDEAX, 7150 DEVONSHIRE LN, MISSOULA, MT
LU>
LU—I<
LU
LO
z<
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CD<
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0  
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1
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WELL DATA
O W N E R  ! C A R V  P E T E R S O N
A D D R E S S  : 7 2 0 5  D E V O N S H I R E  L N .  M I S S O U L A .  M T  
W E L L  L O C A T I O N  : T I 2 N .  R 2 0 W .  N W  N w  N E  S E C . 10 
W E L L  I D  N U M B E R  : H C - 1 2 
e l e v a t i o n  : 3 « 0 5  F E E T  
W E L L  d e p t h  : 2 3 5  F E E T
WELL WATER FLUCTUATIONS
D A T E S T A T I C  1L E V E L W E L L  W A T E R ! D E P T H t o t a l  h e a d
J U N 13 1 9 8 5 9 7 . 4 2 FT 1 3 7 . 5 0 F T 3 3 0 7 . 5 6 F T
J U N 2 7 1 9 6 5 1 0 6 . 9 5 FT 1 2 6 . 0 5 FT 3 2 9 6 . 0 5 F T
J U L 1 1 1 9 8 5 1 1 6 . 6 6 FT 1 1 6 . 1 4 F T 3 2 6 6 .  14 F T
J U L 2 5 1 9 6 5 120.61 F T 1 1 4 . 1 9 F T 3 2 6 4 . 1 9 F T
A U G 6 1 9 8 5 1 1 7 . 1 6 FT 1 1 7 . 8 4 F T 3 2 6 7 . 6 4 F T
A U G 2 9 1 9 6 5 109. 13 FT 1 2 5  6 7 F T 3 2 9 5 . 6 7 F T
16 1 9 6 5 1 0 2 . 6 2 FT 1 3 2 . 1 6 F T 3 3 0 2 . 1 8 F T
O C T 3 1 9 8 5 9 5 . 9 6 FT 1 3 9 . 0 2 FT 3 3 0 9 . 0 2 FT
O C T 17 1 9 6 5 9 4  .37 F T 1 4 0 . 6 3 FT 3 3 1 0 . 6 3 F T
N O V 5 1 9 8 5 9 3  . 64 F T 1 4 1 . 3 6 FT 3 3 1 1 . 3 6 F T
D E C 3 1 9 8 5 9 2 . 9 6 F T 1 4 2 . 0 4 F T 3 3 1 2 . 0 4 F T
D E C 31 1 9 8 6 9 2 . 9 3 FT 1 4 2 . 0 7 F T 3 3 1 2 . 0 7 FT
J A N 31 1 9 8 6 9 3 .  5 5 F T 1 4 1 . 4 5 FT 3 3 1 1 . 4 5 FT
MAR 6 1 9 8 6 7 2 . 3 3 F T 1 6 2 . 6 7 FT 3 3 3 2 . 6 7 FT
M A R 17 1 9 8 6 6 7 . 6 5 F T 1 6 7 . 1 5 F T 3 3 3 7 . 1 5 F T
A P R 6 1 9 6 6 7 3 . 0 9 F T 1 6 1 . 9 1 F T 3 3 3 1  .91 F T
M A Y 2 3 1 9 6 6 7 4  . 7 0 F T 1 6 0 . 3 0 F T 3 3 3 0 . 3 0 F T
J U N 17 1 9 6 6 7 6 1  17 F T 1 56 6 3 F T 3 3 2 8 . 6 3 F T
WELL HC-12 
PETERSON, 7205 DEVONSHIRE LN, MISSOULA, MT
LU>
LU
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LUin
>o
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oc
LU
X
_U
o
3.320-
3.300-
3,260-J
100 200 300 4 00
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WELL DATA
OWNEfi : R O G E R  » 0 0 0 w 0 R 1 M
A D D R E S S  ! 7 2 0 C  D E V O N S H I R E  L N .  M I S S O U L A .  M T  
W E L L  L O C A T I O N  ; T 1 2 N .  R 2 0 W .  N E  N E  N W  S E C . 10 
W E L L  I D  N U M B E R  : M C - 1 3  
E L E V A T I O N  : 3 3 5 7  F E E T  
W E L L  D E P T M  : ITS F E E T
DATE
WELL WATER FLUCTUATIONS
S T A T I C  l e v e l  w e l l  w a t e r  D E P T h t o t a l  m e a d
J U N 13 1 9 6 5 9 0  .66 F T 8 4  . 12 F T 3 3 0 6 . 1 2 F T
J U N 2 ? 1 9 6 5 9 7 . 7 3 FT 77 . 2 7 FT 3 2 9 9 . 2 7 F T
J U L 11 1 9 6 5 1 0 7  6 3 F T 6 7  .37 F T 3 2 6 9 . 3 7 f t
J U L 25 1 9 6 5 1 1 0 . 2 6 F T 6 4  . 7 2 FT 3 2 6 6 . 7 2 F T
A U G 6 1 9 8 5 1 1 1 . 1 9 F T 6 3 . 6 1 FT 3 2 8 5 . 8 1 F T
A U G 29 1 9 6 5 1 1 2 . 0 1 F T 6 2  . 9 9 F T 3 2 6 4 . 6 9 F T
S E P 16 1 9 6 5 1 0 5 . 2 2 F T 6 9 . 7 8 FT 3 2 9 1  .7 6 F T
O C T 3 1 9 8 5 1 0 0 . 3 1 FT 7 4 . 6 8 FT 3 2 9 6 . 6 9 F T
O C T 17 1 9 6 5 9 7 . 0 2 FT 7 7 , 9 7 FT 3 2 9 9 . 9 6 F T
N O V 5 1 9 6 5 9 A  . 4 6 F T 6 0 . 5 4 FT 3 3 0 2 . 5 4 F T
D E C 3 1 9 6 5 9 0 . 9 1 FT 6 4 . 0 9 FT 3 3 0 6 . 0 9 F T
D E C 31 1 9 8 6 6 6  6 9 F T 6 6. 1 1 FT 3 3 0 8 , 1 1 F TJAN 31 1 9 6 6 6 6 . 6 7 FT 6 6  . 13 FT 3 3 1 0 .  13 F TMAP 6 1 9 6 6 7 6 . 7 7 F T 9 6  .23 FT 3 3 1 8 . 2 3 F TMAR 17 1 9 8 6 7 6  .66 F T 9 6 . 3 2 F T 3 3 2 0 . 3 2 F T
A P R e 1 9 8 6 7 2 . 9 5 F T 1 0 2 . 0 5 FT 3 3 2 4 . 0 6 F TMAY 2 3 1 9 9 6 7 5 . 6 1 F T 9 9 . 3 9 F T 3 3 2 1 . 3 9 FT
J U N 17 1 9 6 6 6 6 .  17 F T 8 6 . 6 3 FT 3 3 1 0 . 6 3 F T
WELL HC-13 
WOODWORTH, 7200 DEVONSHIRE LN, MISSOULA, MT
3.330—I
UJ
UJ
_ J
UJ 3.320 00
UJ
CD
UJ 3.300  
LU
3 .290 -
3 280
40030 0200lOO
PERiDD OP MEaSURlMEn'  ̂ u ü M E  l 3 , l & £ b - J U N t  17,1956
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DATE
WELL DATA
OWNER ; MÎKC MiC*EY
ADDRESS ; 7250 DEVONSHIRE LN. MISSOULA. MT 
WELL LOCATION : T12N. R20W, NE NE NW SEC.10 
WELL ID NUMBER : HC-*4 
ELEVATION t 3382 FEET 
WELL DERTH ; 125 FEET
WELL WATER FLUCTUATIONS
STATIC LEVEL WELL WATER DEPTH TOTAL MEAD
JUN 13 1985 70.59 FT 54.4 1 FT 331 1.41 FT
JUN 27 1985 80.45 FT 44.55 FT 3301.55 FT
JUL 1 T 1985 92.30 FT 32.70 FT 3269.70 FT
JUL 25 1965 101.08 FT 23 .92 FT 3280.92 FT
AUG e 1985 98. 14 FT 26.65 FT 3263.86 FT
AUG 29 1965 85. 12 FT 39 . 68 FT 3296.66 FT
SEP 16 1965 79.70 FT 45.30 FT 3302.30 FT
OCT 3 1965 73.55 FT 51 .45 FT 3308.45 FT
OCT 17 1965 70.84 FT 54 . 16 FT 3311.16 FT
NOV 5 1965 68 . 55 FT 56.45 FT 3313.45 FT
DEC 3 1985 66. 18 FT 56 .62 FT 3315.82 FT
DEC 31 1986 65.20 FT 59.60 FT 3316.60 FTJAN 31 1986 64.09 FT 60.91 FT 3317.91 FTMAR 6 1986 56 . 36 FT 66 .62 FT 3325.62 FTMAR 17 1966 50.49 FT 74.51 FT 3331.51 FTAPR 6 1966 49 . 25 FT 75. 75 FT 3332.75 FTMAY 23 1966 49,75 FT 75. 25 FT 3332.25 FT
JUN 17 1986 57. 50 FT 67.50 FT 3324.50 FT
WELL hC-14 
HICKEY. 7250 DEVONSHIRE LN, MISSOULA, MT
3,340
_ )W>
LU
LU
^  3,320-
LU
LU
3,300
u _
Q  3 ,260
400300200100
FLRiOD o r  MCASUREMENI jUS'l 1 3 , lS e 5 -J U N E  17.1966
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WLLL DATA
O w n EB  ; M * *  G. B t u E R
A D D R E S S  : 7 3 0 0  D E V O N S H I R E  L N .  M I S S O U L A .  M T  
W E L L  L D C A T I O N  ! T 1 2 N ,  R 2 D W .  w £  N E  N W  S E C .  10 
W E L L  I D  N U M B E R  : M C - 15 
E L E V A T I O N  : 3 3 8 6  f E E T  
W E L L  D E P T H  : 1 2 0  F E E T
WELL WATER FLUCTUATIONS
D A T E S T A T I C  1L E V E L W E L L  W A T E R i D E P T H t o t a l  h e a d
J U N 13 1 9 6 5 7 3 . 2 4 FT 4 6 .  7 6 FT 3 3 1 2 . 7 6 F T
J U N 27 1 9 8 5 8 5 . 2 7 FT 3 4 . 7 2 FT 3 3 0 0 . 7 3 F T
J U L 1 1 1 9 8 5 9 4  5 4 FT 2 5 - 4 6 FT 3 2 9 1 . 4 6 F T
J U L 2 5 1 9 6 5 104. 15 F T 1 6 . 8 5 FT 3 2 8 1 . 8 5 FT
A U C 8 1 9 6 5 9 6  . 7 0 FT 21 . 3 0 FT 3 2 6 7 . 3 0 F T
A U G 29 1 9 6 5 6 6  . 3 0 FT 31 . 6 9 FT 3 2 9 7 . 7 0 F T
S f P 16 1 9 6 5 6 2 . 6 6 FT 3 7  . 14 FT 3 3 0 3 . 1 4 F T
O C T 3 1 9 6 5 7 7 . 0 5 FT 4 2 . 9 5 F T 3 3 0 8 . 9 5 FT
O C T 17 1 9 6 5 74  . 37 FT 4 5 . 6 3 FT 3 3 1 1 . 6 3 F T
N O V 5 1 9 6 5 7 2 .  12 FT 4 7 . 8 8 FT 3 3 1 3 . 8 8 F T
o e c 3 1 9 8 5 7 1 . 6 4 FT 4 6  . 3 5 FT 3 3 1 4 . 3 6 F T
D E C 3 1 1 9 6 6 6 9  . 0 9 F T 5 0 . 9 1 F*̂ 3 3 1 6 . 9 1 F TJAN 31 1 9 6 6 6 7  . 74 FT 5 2  . 2 6 FT 3 3 1 8 . 2 6 FTWAP 6 1 9 8 6 € 1 . 1 2 FT 5 6 . 8 6 F T 3 3 2 4 . e e F TMAP 17 1 9 6 6 5 5 . 3 5 FT 6 4  . 6 5 FT 3 3 3 0 . 6 5 F TAPP 8 1 9 6 6 5 0 . 0 2 FT 6 9 . 9 6 F T 3 3 3 5 . 9 6 F TMAY 2 3 1 9 6 6 5 4 . 9 6 FT 6 5 . 0 4 FT 3 3 3 1 . 0 4 F TJUN 1 7 1 9 8 6 6 3 . 7 2 F T 5 6 .  2 6 FT 3 3 2 2 . 2 8 F T
WELL HC-15 
G. BAUER, 7300 DEVONSHIRE LN, MISSOULA. MT
LU
y<LU(/)
LU 3.320
LU
CD
LULU 3,300
Q
3 ,260
400300200100
PERiOD OC MEASJRCMES'T uüMl 13.1985-JUME 17,1966
157
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
WILL 0A1A
O W N E R  : J A N E  B A U E R
A D D R E S S  ; 7 3 5 0  D E v O n S m JR E  L N .  M I S S O U L A .  M T  
W E L L  L O C A T I O N  1 T 1 2 N .  R 2 0 W .  N E  N E  N »  S E C . 10 
W E L L  I D  N U M B E R  : M C - 16 
e l e v a t i o n  : 3 3 9 1  F E E T  
W E L L  D E P T H  : 3 6 5  F E E T
WELL WATER FLUCTUATIONS
D A T E S T A T I C  1l e v e l W E L L  W A T E R d e p t h t o t a l  h e a d
e 1 9 6 S 7 7 . 6 4 FT 2 6 7 . 1 6 F T 3 3 1 3 . 1 6 F T
A U G 7 9 1 9 6 5 7 6 , 2 9 F T 2 8 8 . 7 1 F T 3 3 1 4 . 7 1 F T
S E P  ̂6 1 9 6 5 7 3 . 9 3 F T 2 9 1  .07 F T 3 3  17 .07 F T
O C T 3 1 9 6 5 7 2 . 9 9 F T 2 9 2 . 0 1 FT 3 3 1 8 . 0 1 F T
O C T 1 7 1 9 6 5 7 1 .59 FT 2 9 3 . 4  1 F T 3 3  1 9 . 4 1 F T
N O V 5 1 9 6 5 7 0 . 6 5 F T 2 9 4 . 3 5 F T 3 3 2 0 . 3 5 F T
D E C 3 1 9 6 5 6 9 - 4 8 FT 2 9 5 . 5 2 FT 3 3 2 1 . 5 2 F T
D E C 31 1 9 6 6 6 9 . 9 2 F T 2 9 5 . 0 6 F T 3 3 2 1 . D B F T
J A N 31 1 9 6 6 6 6  . 1 1 F T 2 9 6 . 6 9 F T 3 3 2 2 , 6 9 F TMAR 6 1 9 6 6 6 4  . 50 F T 3 0 0 . 5 0 F T 3 3 2 6 . 5 0 F T
MAP 1 7 1 9 6 6 5 9 . 2 6 F T 3 0 5 . 7 4 F T 3 3 3 1 . 7 4 F TAPR 6 1 9 6 6 61 , 29 F T 3 0 3 . 7 1 F T 3 3 2 9 . 7 1 F T
M A  V 2 3 1 9 6 6 6 2 .  10 F T 3 0 2 . 9 0 F T 3 3 2 8 . 9 0 F T
J O N 1 7 1 9 8 6 6 3  . 14 F T 3 0 1 . 6 6 F T 3 3 2 7 . 6 6 F T
VVELJL 
BAUER, 7350 DEVONSHIRE LN. MISSOULA, MT
—Iw
LJ
UJ
CD
i_J
O
<  3.315-
3.310
100 200 300 400
CER.OD O'" MERSURCWEMT ■ uUS'E 13 I9e5-JÜ\E r  19E6
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WELL DATA
OfcNER : D E N N I S  G I B B S
A D D R E S S  : 7 3 C 0  B E R Y L  L N .  M I S S O U L A ,  M T
w e l l  l o c a t i o n  : T T 2 N .  R 2 0 * .  N E  N E  NW S E C  10
W E L L  I D  N U M B E R  ; M C - 1 7
e l e v a t i o n  I 3 3 6 6  F E E T
W E L L  d e p t h  : 16 6  F E E T
DATE
KLL  WATER FLUCTUATIONS
S T A T I C  L E V E L  W E L L  W A T E R  D E P T H  T O T A L  H E A D
J U N  \2 
J U N  2 7  
J U L  1 1 
J U L  2 5  
A U O  fi 
A U G  2 5  
S E P  16 
Ù C T  3 
O C T  17 
N O V  5 
D E C  3 
J A N  7 
J A N  3 1  MAR 6 MAP
A P R  MAY 23
J U N  17
I
I 7e
1 9 6 5
1 9 6 5
1 9 6 5
1 9 6 5
1 9 6 5
1 9 6 5
1 9 6 5
1 9 6 5
1 9 8 5
1 9 6 5
1 9 6 5
1 9 6 6  
1 9 6 6  
1 9 6 6  
1 9 6 6  
1 9 6 6  
1 9 6 6  
1 9 6 6
6 9 . 5 6  F T
6 5 . 4 6  F T
6 5 . 4 6  F T
8 5 . 4 0  F T  
7 9 . 7 5  F T  
6 1 . 8 1  F T  
7 3 . 2 6  F T
6 0 . 9 6  FT 
6 9 . 3 5  FT 
6 6 . 0 6  F T  
6 6 . 9 3  F T  
6 6 . 8 7  FT 
6 4 . 5 9  F T  
5 5 . 1 6  F T
4 9 . 9 6  F T  
5 3 . 7 8  FT
5 4 . 4 0  F T  
6 1 . 6 3  F T
66 
7 2  
72 
7 2  . 
70. 
76. 
0 4  . 
69.ee.
89. 
91 . 
91 . 
93. 102 . 
1 08 . 
1 04 . 
1 0 3  . 
9 6 .
. 4 4  FT 
. 5 4  FT 
. 5 4  FT 
5 2  FT 
. 25 F T  
. 16 FT 
7 4  F T  
. 0 4  F T  
65 FT 
. 9 4  FT 
, 0 7  FT 
13 F T  
.41 F T  
84 F T  
0 4  FT 
2 2  FT 
6 0  FT 
3 7  FT
3 3 1 6  
3 3 0 0  
3 3 0 0  
3 3 0 0  
3 3 0 6  
3 3 0 4  
3 3 1 2
3 3 1 7  
3 3  16 
3 3  17 
3 3 1 9  
3 3  19 
3 3 2  1
3 3 3 0  
3 3 3 6  
3 3 3 2
3 3 3 1  
3 3 2 4
.44 FT 
. 54 F T  
. 54 FT 
. 52 F T  
. 2 5  FT 
. 19 FT 
.7 4  FT 
.04 F T  
.65 F T  
.94 FT 
.07 F T  
. 13 F T  
.41 FT 
. 84 F T  
. 04 F T  
. 22 F T  
.6 0  F T  
.37 F T
WELL HC-17 
GIBBS, 7300 BERYL LN, MISSOULA, MT
I/)Zc
>oœ<
o
3 .340
3 .330
3.320
3,290
0 100 200 300 400
PERiOD o r  M E A S U R E M E N T  jUNE 13 .198S-JUNE 17,1986
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WELL DATA
O w n E B  : E R N E S T  O E w E v
A D D R E S S  : 7 3 1 5  B E R Y L  L N .  M I S S O U L A .  M T
W E L L  L O C A T I O N  : T 12 N . R 2 0 W .  N E  N E  NW S E C . I D
W E L L  I D  N U M B E R  : M C - 1 8
E L E V A T I O N  : 3 3 9 1  F E E T
W E L L  D E P T M  : 1 9 5  F E E T
WELL WATER FLUCTUATIONS
DATE
J U N  13 
J U N  2 7  
J U L  1 1 
J U L  2 5  
A U G  B 
A U G  2 9  
S E P  16 
O C T  3 
N O v  5 
D E C  3 
D E C  21 
J A N  31 
W A R  
M A R  
A P P  B 
W A V  23 
J U N  17
e
17
1 9 6 5
1 9 6 5
1 9 6 5
1 9 6 5
1 9 6 5
1 9 6 5
1 9 6 5
1 9 6 5
1 9 6 5
1 9 6 5
1 9 8 5
1 9 8 6
1 9 6 6  
1 9 6 6  
1 9 6 6  
1 9 6 6  
1 9 6 6
S T A T l C 1L E V E L W E L L  WA T E A d e p t h t o t a l H E A D
6 3 , 15 FT 131 .6 5 FT 3 3 2 7  .6 5 FT
7 0  .5 5 FT 124. 4 5 FT 3 3 2 0 , 4 5 F T
68. 27 F T 126. 7 3 FT 3 3 2 2 . 7 3 FT
7 0  .71 F T 124. 29 FT 3 3 2 0 . 29 F T
6 9 4 8 FT 126. 5 2 FT 3 3 2 1  .5 2 FT
6 9. 4 5 F T 125. 5 5 FT 3 3 2 1  .5 5 F T
66. 6 9 F T 126. 1 1 FT 3 3 2 2 . 1 1 F T
6 4  .9 0 FT 130. 10 F T 3 3 2 6 . 10 F T
6 0. 6 9 FT 1 34 .31 FT 3 3 3 0 . 3 1 F T
6 0 . 10 F T 134, 9 0 FT 3 3 3 0  .9 0 F T
5 9. 4 2 FT 135. 5 8 FT 3 3 3 1  .5 6 F T
6 3  .3 0 FT 131 .7 0 FT 3 3 2 7 . 7 0 F T
5 0. 74 FT 144. 2 6 FT 3 3 4 0  .2 6 FT
38. 10 F T 156. 9 0 FT 3 3 5 2  .9 0 F T
3 5. 7 4 FT 15 9  .2 6 FT 3 3 5 6  .26 F T
37. 16 F T 15 7  .6 4 FT 3 3 5 3 . 6 4 F T
4 2  .0 0 F T 15 3  .0 0 F T 3 3 4 9 . 0 0 F T
WELL HC-18 
DEWEY, 7315 BERYL LN, MISSOULA, MT
>w
_ l<
z<ws
ÜJ
ê
CD<r
o
3,360
3.350
3.340
3.320
100 200 300 400
PE R ,0 0  O f  m e a s u r e m e n t  JUNE I 3 , l 9 e 5 - J J N E  17.1S£E
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WLLL DAI A
O W N E R  : J O H N  K N U D S E N
A D D R E S S  ! 7 3 1 5  B E R V L  L N .  M I S S O U L A .  M T
W E L L  L O C A T I O N  : T 1 2 H ,  R 2 0 W .  N E  H E  N W  S E C . 10
W E L L  I D  N U M B E R  : m C - 1 9
E L E V A T I O N  : 3 4 0 1  F E E T
W E L L  D E P T H  : 1 9 5  F E E T
WELL WATER FLUCTUATIONS
D A T E S T A T I C  L E V E L W E L L  W A T E F 1 D E P T H t o t a l  h e a d
J U N 13 1 9 6 5 7 5 . 7 2 F T 1 1 9 . 2 6 FT 3 3 2 5 . 2 6 F T
J U N 27 1 9 6 5 6 2  . 2 3 F T 1 1 2 . 7 7 F T 3 3 1 6 . 7 7 F T
J U L 1 1 1 9 6 5 8 6 . 9 5 F T 1 0 9 . 0 5 FT 3 3 1 5 . 0 5 F T
J U L 2 S 1 9 6 5 6 9 .  7 5 F T 1 0 5 . 2 5 FT 3 3 1 1 . 2 5 F T
^ U G 8 1 9 6 5 6 6 . 9 4 F T 1 0 6 . 0 6 F T 3 3 1 2 . 0 6 F T
A U O 2 9 1 9 6 5 6 6 . 3 5 F T 1 0 6 . 6 5 FT 3 3 1 2 . 6 5 F T
S E P 16 1 9 6 5 6 5 . 5 9 F T 1 0 9 . 4  Î FT 3 3 1 5 . 4 1 F T
O C T 3 1 9 6 5 8 5 .  19 F T 1 0 9 . 6 1 FT 3 3 1 5 . 6 1 F T
N O V S 1 9 6 5 6 3 . 6 0 F T m  .20 FT 3 3 1 7 . 2 0 F T
D E C 3 1 9 6 5 6 2 . 6 9 F T 1 1 2 . 1 1 F T 3 3 1 6 . 1 1 FT
D E C 31 1 9 6 6 6 2 . 7 0 F T 1 1 2 . 3 0 FT 3 3 1 6 . 3 0 F T
J A N 31 1 9 6 6 6 2 ,  2 2 F T 1 1 2 . 7 6 F T 3 3 1 6 . 7 6 F T
M A R 6 1 9 6 6 6 0 . 0 5 FT 1 1 4 . 9 5 FT 3 3 2 0 . 9 5 FT
M A R 17 1 9 6 6 7 5 . 9 9 F T 1 1 9 . 6 1 FT 3 3 2 5 . 0 1 FT
A P R e 1 9 6 6 7 1  , 4 2 FT 1 2 3 . 5 6 FT 3 3 2 9 . 5 6 F T
M A Y 2 3 1 5 8 6 7 1  . 6 9 F T 1 2 3 . 1 1 F T 3 3 2 9 . 1 1 F T
WELL HC-19 
KNUDSEN. 7325 BERYL LN, MISSOULA, MT
3.340
W>w
_ J
<
z<wzw
Om  3,320 <t— 
LJ 
LJ
Q  3.310
w
3 ,300
100 200 300 400
P E RI OD or m e a s u r e m e n t  JUNE 1 3 , ) 9 S S - J U N E  1 7. 1966
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WELL DATA
O w n e r  ; R O B E R T  w h R L E V
A D D R E S S  : 7 : 7 5  B E R Y L  L N  , M I S S O U L A .  M T
W E L L  L O C A T I O N  : T 1 2 N .  R 2 0 W .  N E  N E  NW S E C . 10
W E L L  I D  N U M B E R  : H C - 2 0
E L E V A T I O N  : 3 3 0 4  F E E T
W E L L  d e p t h  : 2 3  F E E T
WELL WATER FLUCTUATIONS
D A T E S T A T I C  1LEVI
J U N 13 1 9 6 5 1 1 . 0 3 F T
J U N 2 ? 1 9 6 5 > 1 . 2 0 FT
J U L 1 1 1 9 6 5 1 1 . 0 4 F T
J U L 2 5 1 9 6 5 11 . 2 0 F T
A U G e 1 9 8 5 1 > . 5 6 F T
A U G 29 1 9 8 5 11 .07 FT
S E P 1€ 1 9 6 5 1 0 . e c F T
0 C 7 3 1 9 Ê 5 1 1 . 0 6 FT
N O V S 1 9 6 5 1 0 . 9 3 F T
D E C 3 1 9 6 5 1 1 . 1 6 FT
D E C 31 1 9 6 5 1 2 . 1 3 FT
J A N 31 1 9 6 6 1 0 . 7 4 FT
M A P 6 1 9 6 6 9 . 8 5 FT
M A R 17 1 9 6 6 9 . 9 4 F T
A P R e 1 9 6 6 1 0 . 0 9 F T
M A  V 2 3 1 9 B 6 1 0 - 6 4 F T
J U N 17 1 9 8 6 1 0 , 7 1 F T
w a t e r  D E P T M T O T A L  H E A D
1 1 . 9 7 F T 3 2 9 2 . 9 7 F T
1 1 . 6 0 FT 3 2 9 2 . B O FT
n  , 9 6 FT 3 2 9 2 . 9 6 F T
1 1 . 6 0 F T 3 2 9 2 . 6 0 FT
1 1 . 4 4 F T 3 2 9 2 . 4 4 F T
1 1 . 9 3 FT 3 2 9 2 . 9 3 F T
1 2 . 0 4 FT 3 2 9 3 . 0 4 FT
1 1 . 9 4 F T 3 2 9 2  .94 F T
1 2 . 0 7 FT 3 2 9 2 . 0 7 FT
1 1 . 6 4 F T 3 2 9 2 . 6 4 F T
1 0 . 6 7 F T 3 2 9 1 . 6 7 F T
1 2 . 2 6 F T 3 2 9 3 . 2 6 FT
>3 . IS F T 3 2 9 4  - IS FT
1 3 . 0 6 F T 3 2 9 4  - 0 6 FT
1 2 . 9 1 F T 3 2 9 3 . 9 1 F T
1 2 . 3 6 F T 3 2 9 3 . 3 6 FT
1 2 . 2 9 FT 3 2 9 3 . 2 9 FT
WELL H C -20 
WHALEY, 7275 BERYL LN, MISSOULA, MT
3,294.5
UJ
LU
3,294
LULD
3,293 5
LU
3.2S3CD
LU
Ll. 3 .292.5
O
LU 3,292
3,291  5 400300200100
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WELL DATA
DATE
O W N E R  : S T E V E  M C C O O L
a d d r e s s : 7215 BERYL LN. MISSOULA. MT
WELL L O C A T I O N  i T 12N, R2DW. NE NE NW S E C . 10
WELL ID NUMBER : MC“2 1
E L E V A T I O N  : 3 3 7 1  F E E T
W E L L  d e p t h  : 1 8 0  F E E T
WELL WATER FLUCTUATIONS
s t a t i c  l e v e l  w e l l  w a t e r  d e p t h  t o t a l  h e a d
J U N 13 1 9 6 5 7 5 . 9 6 FT 1 0 4 , 0 2 F T 3 2 9 5 . 0 2 F T
J U N 2 7 1 9 6 5 7 0 . 2 2 F T 1 0 9 . 7 6 FT 3 3 0 0 . 7 8 F T
J U L 1 1 1 9 6 5 7 6 . 6 4 F T 1 0 3 . 3 6 F T 3 2 9 4 . 3 6 F T
J U L 2 5 1 9 6 5 7 6  . 6 0 FT 1 0 1 . 5 0 F T 3 2 9 2 . 5 0 F T
A U G e 1 9 8 5 7 7 , 6 9 F T 1 0 2 . 1 1 F T 3 2 9 3 . 1 1 F T
A U G 2 9 1 9 6 5 7 7 .  16 F T 1 0 2 . 8 2 FT 3 2 9 3 . 8 2 F T
S E P 15 1 9 6 5 7 6 . 6 3 F T 1 0 3 . 3 7 F T 3 2 9 4 , 3 7 F T
O C T 3 1 9 6 5 7 6. 14 F T 1 0 3 . 6 6 FT 3 2 9 4 . 8 6 F T
N O V 5 1 9 6 5 7 4 . 7 6 F T 1 0 5 . 2 4 FT 3 2 9 6 . 2 4 f t
D E C 3 1 9 6 5 7 4  . 6 7 F T 1 0 5 . 3 3 FT 3 2 9 6 . 3 3 FT
D E C 31 1 9 6 6 7 4 . 5 4 F T 1 0 5 . 4 6 FT 3 2 9 6 . 4 6 F T
J A N 31 1 9 6 6 7 5 . 3 6 F T 1 0 4 . 6 2 F T 3 2 9 5 . 6 2 F T
M A R 6 1 9 8 6 7 1 . 2 9 F T 1 0 6 . 7  1 FT 3 2 9 9 . 7 1 FT
M A R 17 1 9 6 6 6 9  . 6 0 F T 1 t o , 2 0 FT 3 3 0 1 . 2 0 F T
A P R e 1 9 6 6 6 9 . 6 9 F T 1 1 0 . 3 1 FT 3 3 0 1 . 3 1 F T
W A V 2 3 1 9 8 6 7 2  .06 F T 1 0 7 . 9 4 FT 3 2 9 8 . 9 4 F T
J U N 17 1 9 6 6 71 .91 F T 1 0 8 . 0 9 F T  + 3 2 9 9 . 0 9 F T
WELL HC-21 
MCCOOL, 7215 BERYL LN. MISSOULA, MT
W>w_)<:w
CO
z<w
w
ë
CD<
t—wwU-
o
w
X
_J
g
3.302
3 . 3 0 0
9 c -
3.296
à i.
3 . 2 9 4
3.292
100 200 300 400
PERI OD OF m e a s u r e m e n t  u UNE 1 3 . 1 9 6 6 - JUNE 1 7. 19 66
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WELL DATA
O W N E R  : R O B E R T  C H A F F E E
A D D R E S S  Î 7 2 0 0  B E R Y L  L N . M I S S O U L A .  M T
W E L L  L O C A T I O N  ; T 1 2 N .  R 2 0 W ,  N W  N W  N E  S E C . 10
W E L L  I D  N U M B E R  ; H C - 2 2
E L E V A T I O N  ; 3 3 7 7  F E E T
W E L L  D E P T H  : 1 6 0  F E E T
WELL WATER FLUCTUATIONS
D A T E s t a t i c  IL E V E L W E L L  W A T E R d e p t h t o t a l  m e a d
J Ü N 13 1 9 6 5 6 4  5 3 FT 9 5 . 4 7 F T 3 2 9 2 . 4 7 F T
J U N 2 7 1 9 6 5 6 1 . 5 4 FT 9 6  . 4 6 F T 3 2 9 5 . 4 6 F T
J U L 1 1 1 9 6 5 6 6  . 2 6 FT 9 1  . 7 2 F T 3 2 8 6 . 7 2 F T
JUL 2 5 1 9 6 5 6 4  9 4 FT 9 5  . 06 F T 3 2 9 2 . 0 6 F T
A U G B 1 9 6 5 6 4 . 6  1 F T 9 5  . 19 FT 3 2 9 2 . 1 9 F T
A U G 2 9 1 9 6 5 6 4 . 2 6 FT 9 5  . 72 FT 3 2 9 2 . 7 2 F T
S E P 16 1 9 6 5 6 5 . 7 5 FT 9 4  . 2 5 F T 3 2 9 1 . 2 5 F T
O C T 3 1 9 6 5 8 2  . 9 5 FT 9 7  . 0 5 FT 3 2 9 4 . 0 5 F T
N O V 5 1 9 6 5 6 4  . 5 0 F T 9 5 . 5 0 FT 3 2 9 2 . 5 0 F T
D E C 3 1 9 6 5 6 1 . 9 9 FT 9 6  .01 F T 3 2 9 5 . 0 1 F T
D E C 31 1 9 6 6 61 .31 FT 9 8  . 69 FT 3 2 9 5 . 6 9 F TJAN 31 1 9 6 6 61 . 67 F T 9 6  . 3 3 FT 3 2 9 5 . 3 3 F TMAR 6 1 9 6 6 7 6 . 6 1 F T 1 0 1 . 3 9 F T 3 2 9 6 . 3 9 F TMAR 17 1 9 6 6 7 7  . 9 6 FT 1 0 2 . 0 4 FT 3 2 9 9 . 0 4 F TAPR e 1 9 6 6 7 7 . 6 6 F T 1 0 2 . 4 2 F T 3 2 9 9 . 4 2 F TMA V 2 3 1 9 6 6 9 0 . 6 0 FT 6 9 . 2 0 F T 3 2 8 6 . 2 0 F T
WELL HC-22 
CHAFFEE, 7200 BERYL LN, MISSOULA, MT
LU>
LU
_ )<
LUto
z<
LU 
LU>o
c
LUX
_J
o
3,310
3,300
3,290
3,280
3,270
3D0100 200
OF W L A5ÜREMENT uUM[ 13, )9E5 - J U N E
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WELL DATA
DATE
O W N E R  : J E R B V  A N D E R S O N
A D D R E S S  I 7 1 5 0  B E R Y L  L N, M I S S O U L A ,  M T
W E L L  L O C A T I O N  ; T 1 ? N , R 2 0 W ,  N w  N w  N E  S E C .  10
W E L L  1 0  N U M B E R  : H C - 2 3
E L E V A T I O N  : 3 4 0 8  F E E T
W E L L  D E P T H  ; 3 0 0  F E E T
WELL WATER FLUCTUATIONS
S T A T I C  L E V E L  W E L L  W A T E R  D E P T H  T O T A L  H E A D
J U N 13 1 9 6 5 1 5 2 . 9 2 FT 1 4 7 . 0 8 FT 3 2 5 5 . 0 6 FT
J U N 27 1 9 6 5 1 6 6 . 5 3 FT 1 3 3 . 4 6 FT 3 2 4 1 , 4 7 F T
J U L 1 1 1 9 8 5 1 7 4 . 2 5 FT 1 2 5 . 7 5 F T 3 2 3 3 . 7 5 F T
J U L 2 5 1 9 6 5 1 8 7 . 6 6 FT 1 1 2 . 3 4 FT 3 2 2 0 . 3 4 F T
A U G e 1 9 6 5 1 8 3 . 7 8 FT 1 1 6 . 2 1 FT 3 2 2 4 . 2 2 F T
A U G 2 S 1 9 6 5 1 7 4 . 5 8 F T 1 2 5 . 4 2 FT 3 2 3 3 . 4 2 F T
S E P 16 1 9 8 5 1 5 7 . 9 1 F T 1 4 2 . 0 9 FT 3 2 5 0 . 0 9 F T
O C T 3 1 9 8 5 1 5 3 . 3 8 FT 1 4 6 . 6 2 F T 3 2 5 4 . 6 2 F T
O C T 31 1 9 6 5 1 3 9 . 5 1 FT 1 6 0 . 4 9 F T 3 2 6 8 . 4 9 F T
UOV 5 1 9 6 5 1 3 8 . 4 4 FT 1 6 1 . 5 6 F T 3 2 6 9 . 5 6 F T
D E C 3 1 9 8 5 1 3 2 . 4 0 FT 1 6 7 . 6 0 F T 3 2 7 5 . 6 0 F T
D E C 31 1 9 8 6 1 3 4 . 5 7 F T 1 6 5 . 4 3 F T 3 2 7 3 . 4 3 F T
J A N 31 1 9 8 6 1 2 9 . 6 2 FT 1 7 0 . 3 6 F T 3 2 7 8 . 3 6 F T
M A R 6 1 9 8 6 1 1 9 . 7 0 F T 1 8 0 . 3 0 F T 3 2 8 8 . 3 0 F T
M A R 17 1 9 6 6 1 1 7 . 2 5 F T 1 6 2 . 7 5 F T 3 2 9 0 . 7 5 F T
A P R e 1 9 8 6 1 1 3 . 5 5 F T 1 8 6 . 4 5 F T 3 2 9 4 . 4 5 F T
M A V 2 3 1 9 6 6 1 2 4 . 8 9 FT 175. 11 F T 3 2 8 3 . 1 1 F T
J U N 17 1 9 8 6 1 5 0 . 8 0 FT 1 4 9 . 2 0 F T 3 2 5 7 . 2 0 F T
WELL HC-23 
ANDERSON, 7150 BERYL LN, MISSOULA, MT
bJ>
<
LUCOzc
LUz
LU>o
CD<
LU
o<
3.300
3.2B0-
3 ,2 6 0 -
3 ,240 -
3 ,2 2 0 -
3.200
40J200100
FLRiOD or MEASJREWENT uUME 13.1986-JJNE 17.1966
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WELL DATA
0*NER : KENUTh STEPHEN
ADDRESS : 7 1 0 S  DEVONSHIRE L N , MISSOULA. MT 
W E L L  LOCATION ; T1ZN. R20W. NW NW NE SEC.1 0  
W E L L  I D  NUMBER : MC-24 
E L E V A T I O N  J 339E FEET 
W E L L  DEPTH : 3 6 6  FEET
WELL WATER FLUCTUATIONS
D A T E S T A T I C  L E V E L W E L L  W A T E R d e p t h t o t a l  m e a d
J U N 1 3 1 9 8 5 1 4 6 . 5 3 F T 2 1 6 . 4 7 F T 3 2 4 7 . 4 7 F T
J U N 71 1 9 8 5 1 6 1 . 0 6 F T 2 0 3 . 9 2 F T 3 2 3 4 . 9 2 F T
J U L \ Î 1 9 6 5 1 7 2 . 3 0 F T 1 9 2 . 7 0 F T 3 2 2 3 . 7 0 F T
J U L 25 1 9 8 5 1 7 8 . 4 2 F T 1 6 6 . 5 8 F T 3 2 1 7 . 5 8 F T
A U G e 1 9 6 5 1 7 6 . 4 6 F T 1 8 6 . 5 4 F T 3 2 1 9 . 5 4 F T
A U G 29 1 9 8 5 1 6 1 . 2 9 F T 2 0 3 . 7 1 F T 3 2 3 4 . 7 1 F T
s r p »6 1 9 6 5 1 4 9 . 3 4 F T 2 1 5 . 6 6 F T 3 2 4 6 . 6 6 F T
O C T 3 1 9 8 5 1 4 4 . 6 8 F T 2 2 0 . 3 2 F T 3 2 5 1 . 3 2 F T
O C T 31 1 9 8 5 1 3 0 . 1 9 F T 2 3 4 . 8  1 F T 3 2 6 5 . 8 1 F T
N O V 5 1 9 8 5 1 1 7 . 5 7 F T 2 4 7 . 4 3 F T 3 2 7 6 . 4 3 F T
D E C 3 1 9 8 5 1 2 2 . 4 5 F T 2 4 2 . 5 5 FT 3 2 7 3 . 5 5 F T
D E C 31 1 9 6 6 1 2 2 . 6 6 F T 2 4 2 . 1 4 FT 3 2 7 3 . 1 4 FT
J A N 31 1 9 6 6 121 9 5 F T 2 4 3 . 0 5 FT 3 2 7 4 . 0 5 FT
M A P 6 1 9 6 6 1 1 1 . 2 2 F T 2 5 3 . 7 8 F T 3 2 8 4 , 7 6 F T
M A P 17 1 9 8 6 1 0 7 . 3 9 F T 2 5 7 . 6 1 F T 3 2 8 6 . 6 1 FT
A PA 8 1 9 6 6 1 0 5 . 0 9 FT 2 5 9 . 9 1 F T 3 2 9 0 . 9 1 F T
M A Y 2 3 1 9 8 6 1 1 5 . 7 5 F T 2 4 9 . 2 5 F T 3 2 6 0 . 2 5 FT
WELL HC-24 
STEPHEN, 7105 DEVONSHIRE LN, MISSOULA, MT
_Jw
LÜ
W  3,260  
CO
W
w  3,260
CD<
W  3,240
3.200
100 200 300 400
PERiOD C '  MEASUREMENT ■ uUNE 13 ,196 6 -J U N E  P .1S E 6
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WELL DATA
O W N E R  ; T O M  v i C U R *
A D D R E S S  : 7 1 ) 5  D E V O K S M I R E  L N .  M I S S O U L A ,  M T  
W E L L  L O C A T I O N  : T ) 2 N .  R 2 0 W .  N W  N W  N E  S E C . 10
w e l l  j o  n u m b e r  : M C - 2 5
E L E V A T I O N  ! 3 3 6 7  F E E T  
W E L L  d e p t h  : 3 2 0  F E E T
WELL WATER FLUCTUATIONS
d a t e s t a t i c l e v e l W E L L  W A T E R  d e p t h t o t a l  h e a d
J U N 13 1 6 8 5 1 4 7 . 1 1 F T 1 7 2 . 6 9 F T 3 2 3 9 . 8 9 F T
J U N 77 1 6 6 5 1 4 8 . 4  1 F T 1 7 1 . 5 9 F T 3 2 3 6 . 5 6 F T
J U L 1 1 1 9 6 5 1 6 2 . 2 4 F T 1 5 7 . 7 6 F T 3 2 2 4 . 7 6 F T
J U L 2 5 1 9 6 5 1 6 6 . 2 1 F T 1 5 3 . 7 9 F T 3 2 2 0 . 7 9 F T
A U G e 1 9 6 5 1 6 7 . 5 2 F T 1 5 2 . 4 8 F T 3 2 1 9 . 4 6 F T
A U G 2 9 1 9 6 5 1 5 1 . 4 6 F T 1 6 6 . 5 4 F T 3 2 3 5 . 5 4 F T
S E P 16 1 6 6 5 > 3 7 . 2 9 F T 1 8 2 . 7 1 FT 3 2 4 9 . 7 1 F T
O C T 3 1 9 8 5 1 3 2 . 3 3 F T 1 8 7  .67 F T 3 2 5 4 . 6 7 F T
O C T 31 1 9 6 5 1 1 6 . 6 6 F T 2 0 1 , 3 4 F T 3 2 6 8 . 3 4 F T
D E C 3 1 9 8 5 1 1 0 . 7 9 F T 2 0 9 . 2 1 F T 3 2 7 6 . 2 1 F T
D E C 31 1 9 8 6 1 0 9 . 1 5 F T 2 1 0 . 8 5 F T 3 2 7 7 . 6 5 F T
J A N 31 1 9 6 6 1 0 8 . 7 2 F T 2 1 1 . 2 6 F T 3 2 7 6 . 2 6 F T
M A A 6 1 9 8 6 1 0 0 . 4 5 F T 2 1 9 . 5 5 F T 3 2 6 6 . 5 5 FT
M A R 17 1 9 6 6 9 5 . 7 5 F T 2 2 4 . 2 5 FT 3 2 9 1 . 2 5 F T
A P R 6 1 9 6 6 9 2 .  13 F T 2 2 7 . 8 7 F T 3 2 9 4 . 8 7 F T
M A Y 2 3 1 9 6 6 1 0 4 . 6 5 F T 2 1 5 .  15 F T 3 2 6 2 . 1 5 F T
J U N 17 1 9 6 6 1 2 3 . 5 7 F T 1 9 6 . 4 3 F T 3 2 6 3 . 4 3 F T
WELL HC-25 
VACURA, 7115 DEVONSHIRE LN, MISSOULA, MT
3.300_>W>
LU
— I
W  3,280  
C/7
<LU
LU 3,240
Z
o
3.220
3 .200
400300200100
PCRiOD o r  MEa SJRLMENT uJNE I3,isci)-JUNC 17,1966
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WELL DATA
DATE
O W N E R  : E .  JU B E E B E
A D D R E S S  ; 5 5 S S  H A V E S  C R E E K  ftO, M I S S O U L A .  M T  
W E L L  L O C A T I O N  Î T 1 2 N .  R 2 0 W .  N W  N W  N E  S E C . 10 
W E L L  J O  N U M B E R  : M C “ 2 6  
E L E V A T I O N  ! 3 3 5 4  F E E T
w e l l  D E P T H  Î I B O  F E E T
WELL WATER FLUCTUATIONS
S T A T I C  l e v e l  W E L L  W A T E R  D E P T H  T O T A L  H E A D
J U N 13 1 9 6 5 7 3 . 7 0 F T 1 0 6 . 3 0 FT 3 2 6 0 . 3 0 F T
J J N 2 7 1 9 6 5 6 1 . 1 6 F T 9 6  . 8 4 F T 3 2 7 2 . 8 4 F T
J U L 1 1 1 9 0 5 9 3 . 4 9 F T 8 6 . 5 1 F T 3 2 6 0 . 5 1 F T
JUL 2 5 1 9 6 5 9 7  . 0 0 F T 8 3 . 0 0 F T 3 2 5 7 . O D FT
AUC 6 1 9 6 5 8 3 . 5 6 FT 9 6  . 4 4 F T 3 2 7 0 . 4 4 FT
A U S 2 9 1 9 6 5 7 1 .66 F T 1 0 6 . 3 2 FT 3 2 0 2 . 3 2 F T
SE=' 16 1 9 6 5 6 0 . 4 6 FT 1 1 9 . 5 4 F T 3 2 9 3 . 5 4 F T
O C T 3 1 9 6 5 5 2 . 0 3 FT 1 2 7 . 9 7 F T 3 3 D 1 .9 7 F T
NO. 5 1 9 6 5 4 5 . 3 0 F T 1 3 4 . 7 0 F T 3 3 0 8 . 7 0 FT
D EC 3 1 9 6 5 4 5 . 1 6 F T 1 3 4 . 6 4 F T 3 3 0 8 . 8 4 FT
U A N 2 1 9 6 6 51 . 15 FT 1 2 6 . 8 5 F T 3 3 0 2 . 6 5 F T
jAf. 3 1 1 9 6 6 5 0. 3 0 FT 1 2 9 . 7 0 F T 3 3 0 3 . 7 0 F TMAP e 1 9 6 6 3 5 . 6 3 F T 1 4 4 . 3 7 F T 3 3 1 8 . 3 7 F T
M A  A 17 1 9 6 6 2 6 . 4 4 F T 1 5 1 . 5 6 F T 3 3 2 5 . 5 6 F T
A P R e 1 9 6 6 2 6 . 2 3 F T 1 5 3 . 7 ?  F T 3 3 2 7 . 7 7 F TMAV 2 3 1 9 B 6 3 5. 16 F T 1 4 4 . 8 4 F T 3 3 1 6 . 6 4 F TJUS 17 1 9 0 6 4 6 . 6 7 F T 1 3 3 , 3 3 F T 3 3 0 7 . 3 3 F T
WELL HC-26 
BEEBE, 5555 HAYES CREEK RD, MISSOULA, MT
UJ>w
_ J
<woo
z<
LU2
LUg
CD<
I—LU 
LUU_ 
Z
o<
o
3.340
3.3DD
3.280
3,260
400300200100
PER.OP C  M E A5UPEMEMT JUNE 13,1985- J U N E  17.1966
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WELL DATA
OWNER : BUD PLATEN
ADDRESS ; HAVES CREEK RD. MISSOULA. MT 
WELL LOCATION : T *ÎN. R20«. NE NW NE SEC.10 
WELL ID NUMBER : MC-Z7 
ELEVATION : 3340 PEET
WELL d e p t h  ! 160 PEET
WELL WATER FLUCTUATIONS
DATE s t a t i c ILEVEL WELL WATER1 DEPTH t o t a l h e a d
JUN 2? 1985 38 . 48 FT 14 1.52 FT 3301,52 FT
JUL  ̂1 1985 42 .65 FT 137.35 FT 3297.35 F T
JUL 26 1965 40.67 FT 139.33 FT 3299.33 f TAjZ e 1985 44. 16 FT 135.84 FT 3295.64 FTûc. 29 1965 38.2 1 FT 14 1.79 FT 3301.79 FTSEP 16 1965 27.69 FT 152.11 FT 3312.11 FTCCI 3 1985 22.69 FT 157 .31 FT 3317.31 FTNOV 5 1985 20.65 FT 159.35 FT 3319.35 FTDEC 3 1985 21 .60 FT 158 ,40 FT 3316.40 FT
DEC 31 1965 24.05 FT 155-95 FT 3315.95 FT
JtN 3 1 1966 25.32 FT 154-68 FT 33 14.66 FT
6 1986 16.20 FT 163.79 FT 3323.60 FT
WAR 17 1966 14.71 FT 165.29 FT 3325.29 FTe 1966 14 . 56 FT 165.44 FT 3325.44 FT
WAY 23 1966 16.92 FT 163.08 FT 3323.06 FT
WELL HC-27 
FLu4TE}j, H/ÜIES; CFfEEK RD, k/KSSXDLJLA, LIT
3,330
LU >
y  
s
^  3.320Z  
<
LUz
LU>OCD 3,310- <
LU
LU
Lu.
3.290
400300200100
P E R I O D  o r  M E A S U R E M E N T  u U N E  1 3 . 1 9 E 5 - J U N E  l7 , ieet
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WELL DATA
OWNER ; P*M SCH*RB*UER 1
ADDRESS : 5500 HAVES CREEK RD.. MISSOULA, MT 
WELL LOCATION : TI2N. R20W. NE NW NE SEC.10 
WELL ID NUMBER : HC-ÎB 
ELEVATION : 3365 FEET
WELL d e p t h  ! 230 FEET
DATE
WELL WATER FLUCTUATIONS
s t a t i c l e v e l w e l l w a t e r d e p t h  t o t a l h e a d
JUN *3 1965 81 .72 FT 146.28 FT 3273.28 F
JUN ?7 1965 64 .22 FT 145.78 FT 3270.78 F
JUL 1 1 1985 69 . 99 FT 140.01 FT 3265.01
JUL 25 1965 91 .54 FT 136.46 FT 3263.46 F
AUG 6 1965 84.36 FT 145.62 FT 3270,62 F
AUG 7^ 1965 79.68 FT 150.42 FT 3275 .42 F
if P le 1965 67 .69 FT 162.31 FT 3267.31 F
OCT 3 1965 58 . 66 FT 171.32 FT 3296.32
NOU 5 1965 55 . 70 FT 174.30 FT 3299.30 F
DEC 3 1985 53,06 FT 176.94 FT 3301.94 F
DEC 3 1 1966 52 . 65 FT 177.45 FT 3302.45 F
JAN 3 1 1966 61 .43 FT 176.57 FT 3303.67 F
MA A e 1966 22. 03 FT 207.97 FT 3332.97 F
MAR 17 1986 17.66 FT 212.14 FT 3337.14 FAPR 6 1986 22.62 FT 207.38 FT 3332.36
MAY 23 1986 4 1 . 32 FT 186 66 FT 3313.68 F
JUN 1 7 1986 53. 24 FT 176.76 FT 3301.76
WELL HC-28 
SCHARBAUER 1, 5500 HAYES CREEK RD., MISSOULA, MT
3.340
UJ>w
ŵ
 3,320
W
LU
LU
Ll.
3 ,260
100 200 300 400
PE Ri OD C  M E A S U F C m EMT u UNE 1 3 . 1 9 6 6 - j UNE 1 7, 19 66
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WELL DATA
OWNER : RAW SCHARBAUER 2
ADDRESS : 5500 HAVES CREEK RD.. MISSOULA. MT 
WELL LOCATION ; T12N. R20W, N£ NW NE SEC.10 
WELL ID NUMBER ; MC-29 
e l e v a t i o n  : 3361 EEET 
WELL DEPTH i 170 fEET
WELL WATER FLUCTUATIONS
DATE STATIC LEVEL WELL WATER DEPTH t o t a l m e a d
JÛ * 20 198S 76 .43 FT 91.57 FT 3272.57 FT
JUN 27 1966 74.91 FT 95.09 FT 3276.09 FT
JUL 1 1 1965 72 76 FT 97 . 22 FT 3276.22 FT
AUG G 1985 79.69 FT 90.11 FT 3271 . 1 1 FT
SEP 16 1965 97 .02 FT 72 97 FT 3253.96 FT
NOV 5 1966 73 . 60 FT 96.40 FT 3277.40 FT
DEC 3 1985 66.65 FT 103. 15 FT 3284 . 15 FT
DEC 31 1966 63.76 FT 106.22 FT 3267.22 FT
JAN 31 1966 62. 17 FT 107.63 FT 3268.83 FT
MAR 6 1966 56.52 FT 113.46 FT 3294.48 FT
MAR 1 7 1986 53.09 FT 116.91 FT 3297.91 F T
APR 6 1966 50.62 FT 119.18 FT 3300.16 FT
MAV 23 1986 65.16 FT 104.64 FT 3265.64 FT
JUN 17 1966 64.85 FT 65.15 FT 3266.15 FT
WELL HC-29 
SCHARBAUER 2, 5500 HAYES CREEK RD., MISSOULA, M‘
3,310_lw>LU— I
<  3 ,30 0
LUC/0z
W  3 .290  15
LU>O
00 3.2E<
t—LULU
3,270
O<LU 3 ,260
— I
O
100 200 300 400
PCRi OD OF M E A S U R E W E M  j ü S'l 13 1 9 E 5 - J U N E  1 7 . 19 86
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WELL DATA
OWNER : PRW SCrtlkRBAUER 3
ADDRESS : 5500 HAVES CREEK RD., MISSOULA, MT 
WELL LOCATION : T 1ÎN. R2ÛW, NE Nw NE SEC.10 
WELL 10 NUMBER : MC-30 
ELEVATION : 3361 FEET 
WELL DEPTH : 380 FEET
WELL WATER FLUCTUATIONS
DATE STATIC LEVEL WELL WATER d e p t h t o t a l h e a d
A VC 79 1985 124.40 FT 255.60 FT 3236.6Q FT
NOV 5 1965 111,06 FT 266.92 FT 3249.92 FT
DtC 3 1965 90.65 FT 289.35 FT 3270.35 FT
DEC 3 1 1966 62.99 FT 297.01 FT 3276.01 FT
JAN 3> 1966 76.32 FT 301.66 FT 3262.66 FTM.AA 6 >966 76.29 FT 303.71 FT 3264.71 FT
MAR 17 1966 73,44 FT 306.56 F7 3267.56 FI
APR e 1966 6 6 . 6 6 FT 311.32 FT 3292.32 FT
MAV 23 1966 65.58 FT 294.42 FT 3275.42 FTJUN 1 7 1966 137,24 FT 242.76 FT 3223,76 ft
WELL HC-30 
SCHARBAUER 3, 5500 HAYES CREEK RD, MISSOULA, M'
3.300-
LÜ>W
<w(/)z<wsw>om
<
LÜ
U _
Q<UJI
_J
3,280
3,260-
3 ,2 4 0 -
3 .220-
■ir
100 200 300 400
PEi^lOO o r  M E A S U R E M E N T  uUNE 1 3 , 1 9 8 5 - J U N E  17. 1986
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WELL DATA
OWNER i n o r m LAVERY
ADDRESS : 5545 SKYWAY OR, MISSOULA, MT 
WELL LOCATION ; 7Î2N. RZO*, SE NW NE SEC.10 
WELL 10 NUMBER : MC‘31 
ELEVATION ! 3362 FEET 
WELL d e p t h : 250 FEET
WELL WATER FLUCTUATIONS
DATE s t a t i c 1level w el l wa t e rI d e p t h TOTAL MEAD
JUN 13 1985 116.86 FT 131.12 FT 3263.12 FT
JUN 27 1965 126.10 FT 123.90 FT 3255.90 FT
JUL 1 1 1965 129.61 FT 120.39 FT 3252.39 FT
JUL 25 1985 132.33 FT 117.67 FT 3249.67 FT
AUÙ 6 1965 133.14 FT 116.66 FT 3246.66 FT
AUG 29 1965 131.24 FT 1 18.76 FT 3250.76 FT
SEP 16 1965 126.26 FT 123.72 FT 3255.72 FT
OCT 3 1965 123.60 FT 126.50 FT 3258.50 FT
NOV 5 1965 116.10 FT 131 .90 FT 3263.90 FT
DEC 3 1965 1 15,66 FT 134.44 FT 3266.44 FT
DEC 3 1 1966 113.00 FT 137.00 FT 3269.00 FT
JAN 3 1 1986 110.93 FT 139.07 FT 3271.07 FT
MAR 6 1966 106.11 FT 143.69 FT 3275.89 FTMAR 17 1986 106.58 FT 143.42 FT 3275.42 FT
APR 6 1986 101.56 FT 146.42 FT 3260.42 FTMay 23 1966 109.02 FT 140.98 FT 3272.96 FT
JUN 17 1986 110.19 FT 131 .6 1 FT 3263.81 FT
WELL HC-31 
LAVERY, 5545 SKYWAY DR. MISSOULA, MT
3 . 2 9 0
—Iw
w
_ l
W  3 , 2 8 0 -  in
w
w
00
w  3 , 2 6 0  w
Ll.
Q
<  3 . 2 5 0
O
3 . 2 4 0
100 200 300 4 00
PERIOD o r  ME ASUREMENT vUNE 13 .1985-JU N E  17.1986
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WELL DATA
Ow n e r : BILL UvERS
ADDRESS : SS3C SKVWAV DR. MISSOULA MT 
WELL LOCATION ; T12N. R20W, NE Nw NE SEC 10 
WELL ID NUMBER ; MC-32 
e l e v a t i o n : 3361 FEET 
WELL d e p t h : 160 FEET
WELL WATER FLUCTUATIONS
DATE static 1LEVEL WELL WATER DEPTH t o t a l me AO
JUN 13 1985 116.04 FT 41 .96 FT 3262.96 FTJUN 27 1965 116.04 FT 41 .96 FT 3262.96 FTJUL 11 1965 120 13 FT 39 . 67 FT 3260.67 FTJUL 25 1965 132.57 FT 27.43 FT 3248.43 FTAUG 6 1965 133.05 FT 26 95 FT 324?.95 FTAUG 29 1965 129.36 FT 3C . 63 FT 3251.64 FTSEP 16 1965 125-09 FT 34.91 FT 3255.91 FTOCT 3 1965 121.05 FT 36 94 FT 3259.95 FTNOV 5 1965 115 18 FT 44.82 FT 3265.82 FT
DEC 3 1985 111 .64 FT 48 .16 FT 3269.16 FT
DtC 31 1966 106.70 FT 51 . 30 FT 3272.30 FTJAN 31 1986 106.21 FT 53.79 FT 3274.79 FT
EE6 21 1966 104.98 FT 55.02 FT 3276.02 FTIMAP e 1966 105.43 FT 54.57 FT 3275.57 FT
MAP 17 1986 102.04 FT 57.96 FT 3276.96 FTAPR 6 1966 100.32 FT 59.68 FT 3280.66 FTMAV 23 1966 103.25 FT 66.75 FT 3277.75 FT
JUN 17 1966 113.25 FT 46.75 FT 3267.75 FT
WELL HC-32 
t̂ rrEFRS, 5!53(] SüK'rWAy [)R, N/L5SC)LjLA, N4T
3,290— Iw
LJ
_ J
W  3,280  
CO
z<w
W  3.260w
Q
3.250
3.240
100 200 300 400
PERI OD o r  M E a S U R E W l N T  u U N E  C . I S B S - J U N E  l 7 , 1 9 E 6
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WELL DATA
OWNER ! MILTON DATSOPOULAS (SOUTH) 
address ; S620 SuvwAV DR. MISSOULA, MT 
WELL LOCATION ; T1ÎN. R20W, n £ NW NE SEC.10 
WELL ID NUMBER : HC-33 
elevation : 3379 FEET 
WELL DEPTH : ÎBO FEET
WELL WATER FLUCTUATIWS
DATE STATIC 1LEVEL WELL WATER DEPTM t o t a l h e a d
13 1985 116.31 FT 161.69 FT 3260.69 FT
JUN 27 1985 125.95 FT 154.05 FT 3253.05 FTJUL  ̂1 1965 150.46 FT 129 54 FT 3228.54 FTAÜ& e 1965 139.35 FT 140.65 FT 3239.65 FT
AUG 29 1965 130.63 FT 149.37 FT 3246.37 FTSEP >e 1965 121 .93 FT 158.07 FT 3257.07 FT
OCT 3 1985 116.94 FT 163.06 FT 3262.06 FT
NOV 5 1965 1 1 1 .25 FT 168.75 FT 3267.75 FT
DEC 3 1965 107.91 FT 172.09 FT 3271.09 FT
DEC 31 1966 104.95 FT 175.05 FT 3274.05 FTJAN 31 1966 102.58 FT 177.42 FT 3276.4? FTMAR e 1966 99.63 FT 180.17 FT 3279. 17 FTMAR 17 1986 96.56 FT 18 1.42 FT 3280.42 FT
APR 6 1966 95.66 FT 164.42 FT 3263.42 FTMAV 23 1966 101.22 FT 176.76 FT 3277.78 FT
JUN 17 1986 126.16 FT 151.62 FT 3250.62 FT
WELL HC-33 
DATSOPOULAS (SOUTH), 5520 SKYWAY DR, MISSOULA, Ml
_JW
UJ
_J
UJ
^  3 .280
UJ
UJ
UJ
3,240
UJ
3 .220
400300200100
PERiOD o r  m e a s u r e m e n t  uUNE I 3 . i 9 f 5 - J U N E  17,1986
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WELL DATA
OWNER I MILTON DATSOPOULAS (NORTH) 
a d d r e s s î 5520 SKYWAY DR. MISSOULA. MT 
WELL l o c a t i o n î T12N, R20w. NE NW NE SEC.10 
WELL 10 NUMBER ; h C-34 
e l e v a t i o n  : 3360 FEET 
WELL DEPTH : 180 FEET
WELL WATER FLUCTUATIONS
DATE s t a t i c LEVEL WELL WATESi DEPTH t o t a l MEAD
UUN 13 1 9 6 5 1 1 0 . 9 9 FT 6 9 . 0 1 FT 3 2 6 9 . 0 1 FT
JUN 27 t e a s 1 1 5 . 1 6 FT 6 4 . 6 4 FT 3 2 6 4 . 6 4 FT
JUL 1 1 196 5 1 2 1 . 9 5 FT 5 6 . 0 5 FT 3 2 5 8 . 0 5 FT
AUG 6 1 9 6 5 1 2 5 .  17 FT 5 4 . 6 3 FT 3 2 6 4 .63 FT
AUG 2 9 1 9 6 5 1 2 4 . 1 5 FT 5 5 . 6 5 FT 3 2 5 5 . 6 5 FT
SEP 16 1 9 6 5 1 2 0 . 5 6 FT 5 9 . 4 3 FT 3 2 5 9 . 4 4 FT
OCT 3 1 9 6 5 1 1 7 .24 FT 6 2 . 7 6 FT 3 2 6 2 - 7 6 FT
NOV 5 1 9 6 5 1 1 1 . 5 6 FT 6 6 . 4 3 FT 3 2 6 6 . 4 4 FT
DEC 3 1 9 6 5 1 0 6 . 5 9 FT 71 .41 FT 3 2 7  1 . 4 1 FT
DEC 3 1 1 9 3 6 1 0 5 . 6  1 FT 7 4  , 16 FT 3 2 7 4 . 1 9 FT
JAN 31 1 9 6 6 1 0 3 . 3 6 FT 7 6 . 6 4 FT 3 2 7 6 . 64 FT
VAR e 1 9 6 6 1 0 0 . 1 0 FT 7 9 . 6 9 FT 3 2 7 9 . 9 0 FT
VAR 17 1 9 8 6 9 6  . 5 6 FT 61 . 4 2 FT 3 2 8 1 . 4 2 FT
APR 6 1 9 6 6 9 6 . 0 3 FT 6 3 . 9 7 FT 3 2 6 3 . 9 7 FT
MAV 23 1 9 6 6 9 6 . 5 6 FT 61 . 4 3 FT 3 2 8 1 .44 FT
JUN 17 1 9 8 6 1 0 7 . 3 0 FT 7 2 . 7 0 FT 3 2 7 2 . 7 0 FT
WELL HC-34
DATSOPOULAS (NORTH), 5520 SKYWAY DR, MISSOULA, Ml
3.290
ÜJ>
LJ
<LU
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LJX
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3 .2 5 0 4
400
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WELL DATA
OWNER : US EOREST SERVICE
ADDRESS : ROTC FLAT. MISSOULA. MT
WELL LOCATION : 112 N . RZOw. Sw NW SE SEC
WELL ID NUMBER ; MC-35
e l e v a t i o n  : 3367 EEET
WELL DEPTH ; 130 fEET
WELL WATER FLUCTUATIONS
DATE STATIC l ev el WELL WATER1 depth TOTAL MEAD
JÜL 1 1 1965 66.60 FT 61 . 20 FT 379B.20 FTJUL 25 1985 66.63 FT 61 . 17 FT 3298.17 FTA JO 8 1965 68.76 FT 61 . 22 FT 3298.22 FTAUG 29 1985 68.64 FT 61.16 FT 3298.16 FTSEP 18 1965 68 .94 FT 61 .06 FT 3298.06 FTOCT 3 1965 68.91 FT 61 .09 FT 3298.09 FTNOV 6 1965 68.91 FT 61 .09 FT 3298.09 FT
DEC 3 1965 69.04 FT 60.96 FT 3297.96 FTJAN 2 1966 69.11 FT 60 . 89 FT 3297.89 FTJAN 31 1966 69 . 19 FT 60.81 FT 325?.81 FTMAP 8 1966 66 . 60 FT 61 .39 FT 3298.40 FTMAR 17 1966 67.6? FT 62 . 33 FT 3299.33 FTAPR 10 1986 67 . 19 FT 62.6 1 FT 3299.81 FTMAV 23 1966 67.30 FT 62.70 FT 3299.70 FT
w>
w>o
CD<
WELL HC-35 FlC)F$E:Sir !5EFR\/I(::E:, FRC)!!: Fl_/\T, NdlSfSOlJLA, tVIT
Q<WX
_J
o
3 ,300
3,299 5
3.299
3 ,2 9 8 -
3,297,5
0 100 200 300 400
PERiOO OF MEASUREMEMT JUNE 13.1985-JüNE l7,19Éé
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* L L L  U M I M
OWNER : RANDY AND TER] PETERSON
ADDRESS : 7)E0 HAVES CREEK R D . MISSOULA. MT
WELL l o c a t i o n : Î12N, R20*. NW $W NE SEC 10
WELL ID NUMBER : HC-36
e l e v a t i o n i 3283 FEET
WELL d e p t h  : 260 FEET
WELL WATER FLUCTUATIONS
DATE s t a t i c l ev el WELL WATER DEPTH t ot al h e a d
JUL 1 1 1965 165.61 FT 74 . 19 FT 3097.19 FTJUL 25 1985 189.15 FT 70.85 FT 3093.65 FTAUC 6 1985 175.48 FT 84.52 FT 3107.52 FTAUG 29 1985 144.60 FT 115.40 FT 3 136.40 FTSEP 16 1965 132.46 FT 127.52 FT 3150.52 FToct 3 1965 114.48 FT 145.52 FT 3168.52 FTNOV 5 1985 114.63 FT 145.17 FT 3166.17 FTDEC 3 1965 1 1 2 . 6 8 FT 147.32 FT 3170.32 FTJAN 2 1966 122.14 FT 137.86 FT 3160.et FTJAN 31 1966 122 . 17 FT 137.63 FT 3160.63 FTMAP 6 1966 116.67 FT 141.13 FT 3164,13 FTMAP 17 1966 113.03 FT 146.97 FT 3169,67 FTAPR e 1966 95 . 77 FT 160.23 FT 3183.23 FTMAV 23 1966 103.62 FT 156.38 FT 3179.36 FT
WELL H C -36 
PETERSON, 7150 HAYES CREEK RD, MISSOULA, MT
3 ,200
ÜJ>
<  3.180 w
CO
z<
W  3.160
o<
_J
o
3,120-
3,100-
3 .080
100 200 300 400
PERI OD DP m e a s u r e m e n t  uJNE 1 3 , i 9 6 5 - J U N E  17, 1986
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HELL DATA
Ow n e r  I JOHN TESTER 
ADDRESS ; 70D1 BITTEROOT RD 
WELL LOCATION 
WELL 10 NUMBER 
ELEVATION ! 3?1S f e e t
WELL d e p t h  : )60 FEET
. MISSOULA. MT U2N. R20W. sw sw NE SEC.10 
MC'37
WELL WATER FLUCTUATIONS
d at e s t a t i c l e v e l WELL WATER d e p t h t o t a l h e a d
JUN 29 1965 61.62 FT 76 .38 FT 3133.36 FTJUL 12 1965 62 . 27 FT 77 . 72 FT 3132.73 FTJUL 26 1965 62.61 FT 77 . 18 FT 3132. 19 FTAUG 9 1985 61 .63 FT 78.17 FT 3133.17 FTAUG 29 1965 82. 10 FT 77 . 69 FT 3132.90 FTSEP 16 1965 80. 18 FT 79.62 FT 3134.62 FTOCT 3 1965 61.13 FT 76 .67 FT 3133.87 FTwOv 5 1965 82 63 FT 77 , 37 FT 3132.37 FTDEC 3 1965 81 .72 FT 76 . 28 FT 3133.26 FTJAN 2 1966 61.69 FT 76.31 FT 3133.31 FTJAN 31 1966 61.60 FT 78.39 FT 3133.40 FTMAR 6 1966 79.99 FT 60 .01 FT 3135.01 FTWAR 17 1966 62.60 FT 77.20 FT 3132.20 FTAPR e 1966 60 . 12 FT 79.66 FT 3134.68 FTMAV 23 1966 78 . 16 FT 61.84 FT 3136,64 FT
WELL HC-37 
inESiTEPZ, -/roc:)!! ESIir-TlÊ fRCDC)!- Ff[), MIS;!5:C:iLjL_,4, fwll"
3 .U 0
W>
ÜJ_J
z<ÜJ2w  3.-.26 >OCD<
_J
o
400300200100
FER.OD VE4SUREW[NT uüM£ 0 ,i96 ii-JU N E I7 ,i96 t
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WELL DATA
OWNER : HEITh SWInOER
ADDRESS I 6065 Hwv 93 S, MISSOULA MT
WELL LOCATION ; T12N, R20W. NW SW NE SEC 10
WELL ID NUMBER ! HC-3B
ELEVATION : 3 160 FEET
WELL DEPTH : 130 FEET
WELL WATER FLUCTUATIONS
DATE STATIC 1LEVEL WELL WATfA DEPTH t o t a l h e a d
JUN 27 19B5 22.61 FT 97 . 19 FT 3137. 19 FT
JUL 11 1985 22.96 FT 97 . 02 FT 3137.02 FT
JUL 25 1965 23.09 FT 96.91 FT 3136.91 FT
AUG 6 1965 23. 12 FT 96 . 68 FT 3136.88 FT
AUG 29 1965 28.46 FT 9 1.54 FT 3131,64 FT
sep ie 1965 22.94 FT 97 ,06 FT 3137.06 FT
OCT 3 1965 23,07 FT 96.93 FT 3136.93 FT
NOV 5 1985 2 2 . 6 8 FT 97 .32 FT 3137.32 FT
DEC 3 1985 22.65 FT 97 . 35 FT 3137.35 FT
JAN 2 1986 22.33 FT 97.67 FT 3137.67 FT
JAN 31 1966 23 . 33 FT 96 . 67 FT 3136.67 FT
MAR 6 1986 28.50 FT 9 1.50 FT 3131 .50 FT
APR B 1966 23.56 FT 96 .45 FT 3136.45 FT
MAV 23 1966 22.52 FT 97 . 48 FT 3137.46 FT
WELL H C -38 
SWINGER. 6055 HWY 93 S, MISSOULA, MT
3,140W>w
w  3.13E l/lZ<
LJz
F—ww
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100 200 300 400
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WELL DATA
OWNER ; GARY COLLINS
ADDRESS : 6000 HAVES CREEK RD. MISSOULA, MT 
WELL LOCATION : TIZN. RZOW. NE SW NE SEC. 10 
WELL ID NUMBER : MC-39 
ELEVATION : 3214 FEET 
WELL DEPTH : 160 FEET
WELL WATER FLUCTUATIONS
DATE STATIC 1LEVEL WELL WATERt d e p t h t o t a l MEAD
JUL 26 1905 90.99 FT 69.01 FT 3123.01 FT
AUG 9 1965 69 36 FT 70.62 FT 3124.62 FTAUG 29 1965 62.95 FT 77.05 FT 3131.05 FT
$tP 16 1985 64.96 FT 75.02 FT 3129,02 FTOCT 3 1965 68.72 FT 71.26 FT 3125.26 FTNOV 5 1965 66.56 FT 73,42 FT 3127.42 FT
DEC 3 1965 66.49 FT 73.51 FT 3127.51 FT
JAN 2 1966 6 6 . 1 1 FT 73 . 69 FT 3127.89 FT
JAN 31 1906 66.63 FT 73. 17 FT 3127.17 FT
MAR 6 1966 6 6 . 8 6 FT 73. 12 FT 3127.12 FT
APR 6 1966 6 0 . 13 FT 79 . 67 FT 3133.87 FT
MAY 23 1986 77.53 FT 62.47 FT 3136.47 FT
WELL HC-39 
COLLINS, 6000 HAYES CREEK RD, MISSOULA, MT
UJ>
UJ_J
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00 3.130-<
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100 200 3 00 400
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WELL DATA
Ow n e r : GERALD ORTLI
ADDRESS ; 5875 Mwv 93 S, MISSOULA. MT
WELL LOCATION : T 12N. R2DW, NW SE NE SEC 10
WELL 10 n u m b e r ; HC-4D
ELEVATION : 3180 FEET
WELL DEPTH : 156 FEET
WELL WATER FLUCTUATIONS
DATE STATIC 1level WELL WATER; DEfTK TOTAL HEAD
JUN 21 1986 52.83 FT 103.17 FT 3127,17 FT
JUL 1 1 1965 56.59 FT 99.41 FT 3123.41 FT
JUL 26 1966 65.55 FT 100.45 FT 3 124.45 FTAUG 9 1985 55.03 FT 100.97 FT 3124.97 FT
AUG 29 1985 54.75 FT 101.25 FT 3125.25 FT
SEP 16 1965 53. 63 FT 102.37 FT 3126.37 FT
OCT 3 1985 54 . 35 FT 101.65 FT 3125,65 FTNOV 5 1965 54.02 FT 101.96 FT 3 125.98 FT
DEC 3 1985 55.01 FT 100.99 FT 3 124.99 FTJAN 31 1986 55.07 FT 100.93 FT 3124.93 FT
MAR e 1 966 53. 10 FT 102.90 FT 3 126.90 FT
MAR 17 1986 53 . 77 FT 102.23 FT 3126.23 FTAPR 6 1986 53.05 FT 102.95 FT 3126.95 FT
MAY 23 1986 51 .77 FT 104.23 FT 3126.23 FT
WELL H C -40 
ORTLI, 5875 HWY 93 S, MISSOULA, MT
3,130
LlJ
w
w  3,128 
(jO
W
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100 200 300 400
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WELL DATA
OWNER : dean SMAFFNER
A D D R E S S  : 5 6 0 5  H W Y  S 3  S* M I S S O u L A ,
WELL LOCATION ; T12N. R20W. SC NE
WELL 10 NUMBER i MC-41
e l e v a t i o n ; 3165 FEET
WELL DEPTH i 55 FEET
MT
N E  SEC.
WELL WATER FLUCTUATIONS
DATE STATIC LEVEL WELL WATER DEPTH t o t a l h e a d
JUN 21 1985 21 .21 FT 33.79 FT 3143.79 FTJUL 1 1 1985 23.52 FT 31 .46 FT 3141 48 FT
JUL 26 1965 25.56 FT 29.44 FT 3139.44 FT
AUG 29 1985 23 . 39 FT 31.61 FT 314 1.61 FT
SEP 16 1965 22.07 FT 32 .93 FT 3142.93 FTOCT 3 1985 22 - 77 FT 32 .23 FT 3142.23 FTNOV 5 1985 22.37 FT 32.63 FT 3 142.63 FT
DEC 3 1985 23.32 FT 31.66 FT 3)4 1.66 FTJAN 31 1986 23.25 FT 31 .75 FT 3141.75 FTMAR 6 1986 19.31 FT 35.69 FT 3145.69 FTMAR 17 1986 22.04 FT 32.96 FT 3142.96 FTAPR B 1966 21 . 29 FT 33.71 FT 3143.71 FTMAV 23 1966 16.94 FT 36.06 FI 3146.06 FT
WELL HC-41 
SHAFFNER, 5605 HWY 93 S. MISSOULA, MT
3.148
ÜJ
W
w  3.146 
W)
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CD
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WELL DATA
OWNER ; WILL PCTTER (IRA.)
ADDRESS : 5065 EVERGREEN RD. fc»ÏSSOÜLA. WT 
WELL LOCATION : T »2n . R20*. NE SW Sw SEC.2 
WELL ID NUMBER : HC-42 
El e v a t i o n aies f ee t 
WELL DEPTm ; 150 FEET
WELL WATER FLUCTUATIONS
DATE STATIC LEVEL WELL WATER DEPTH t o t a l h e a d
JUN 26 1965 52. 17 FT 97.63 FT 3112.83 FT
JUL 1 \ 1965 43.35 FT 106.65 FT 3121.65 FT
AUG e 1965 4 2 . 24 FT 107.76 FT 3122.76 FT
AUG 29 1965 4 1.22 FT lOe.76 FT 3123.78 FT
SEP 16 1965 40.70 FT 109.30 FT 3124.30 FT
OCT 3 1965 40.58 FT 109.42 FT 3124.42 FT
NOV 5 1965 40 .37 FT 109.63 FT 3124.63 FT
DEC 3 1985 40.35 FT 109.65 FT 3124.65 FT
JAN 3t 1966 40. 14 FT 109.66 FT 3 124,66 FT
MAR e 1986 39 . 09 FT 110.91 FT 3125.91 FTMAR 17 1966 39.62 FT 110.18 FT 3125.16 FT
APR B 1986 38.69 FT 111.31 FT 3126.3 1 FTMAV 23 1966 38 .65 FT 111.35 FT 3 126.35 FT
WELL HC-42 
POTTER (IRR.). 5055 EVERGREEN RD, MISSOULA, MT
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WELL DATA
OWNER : WILL p o t t e r (MOUSE)
ADDRESS : 50S5 EVERGREEN RD. MISSOULA. MT 
WELL LOCATION ; T1ÎN. R2D*. NE SW SW SEC ? 
WELL 10 NUMBER : HC-43 
ELEVATION ; 3175 FEET 
WELL d e p t h : 150 FEET
WELL WATER FLUCTUATIONS
DAT E STATIC level WELL WATER DEPTH t o t a l h e a d
JUN 21 1965 . 19 FT 106.8 1 FT 3 133.81 FTJUL 1 1 1965 48.60 FT 101.40 FT 3126.40 FTJUL 25 1965 48 .44 FT 101.56 f T 3126.56 FTAUG 6 1985 42,27 FT 107.76 FT 3132 . 76 FT
AUG 29 1985 45,92 FT 104.06 FT 3129.Oe FTSEP ie 1965 46.39 FT 103.61 FT 3128.61 FTOCÎ 3 1985 40, 24 FT 109.76 FT 3 134.76 FTMOV 5 1965 55.96 FT 94 . 02 FT 3119.02 FTJ*N 2 1986 42,52 FT 107.48 FT 3132.46 FTJAN 31 1986 39.23 FT 110.77 FT 3135.7? FTMAR 6 1966 39.40 FT 1 10.60 FT 3 135.60 FT
APR e 1966 38 . 06 FT 111.94 FT 3136.94 FTMAY 23 1986 39.65 FT 110.35 FT 3135.35 FT
WELL HC-43 
POTTER (HOUSE), 5055 EVERGREEN RD, MISSOULA. M'
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APPENDIX D
SURFACE WATER DISCHARGE MEASUREMENTS
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Appendix D
SURFACE WATER DISCHARGE MEASUREMENTS: 
7/25/85 TO 5/31/86
DISCHARGE fCFS)
DATE SW-1 SW-2 SW-3 SW-4
7/25/85 0.344 0.156 0.134 0. 181
8/1 0.344 0.145 0. 123 0. 169
8/3 0.403 0.237 0.237 0.269
8/9 0.344 0.194 0. 181 0.223
8/11 0.956 0.561 0.536 0. 640
8/29 0. 310 0.223 0.208 0.269
9/16 0.956 0.613 0. 587 0. 587
10/3 0. 672 0.464 0.442 0.420
11/4 0.878 0.511 0. 487 0. 536
1/31/86 0. 562 0.399 0. 379 0.442
2/7 0.591 0.420 , 0.399 0. 464
2/17 0.790 0.561 0. 536 0. 613
2/26 6.78 4.82 4.82 4.82
3/2 4.77 3 . 39 * 3.47
3/7 5.10 3 . 62 3.55 3.70
3/8 6. 66 4.28 * 4.46
3/9 6.66 4.11 * 4 . 28
3/10 6.15 3.70 * 3 .86
3/13 4 ,86 2.28 * 2.96
3/14 4 . 39 2.63 * 2.76
3/15 3 . 93 2 .38 * 2.50
3/17 3.46 2. 20 * 2 . 32
3/21 3 .46 2.09 * 2.76
3/26 3.67 2.20 * 2 . 56
3/30 8, 26 5.15 * 5.39
4/3 6.25 3.32 * 3.47
4/6 4 .13 2.32 * 3.03
4/10 4 . 39 2.69 3.32 3.47
4/15 3.20 2.09 2.63 2 . 76
4/20 2.46 1.71 1.97 2 . 09
4/26 3 . 34 1.92 2.44 2.56
5/1 2 . 33 1.52 1. 67 1.76
5/6 3 . 39 2.08 3 . 17 3 . 32
5/11 2 . 66 1. 63 2 . 38 2.50
5/19 2 . 07 1.27 1.57 1.67
5/21 2.38 1.46 1. 82 1.92
5/23 2.22 1.36 1.82 1.76
5/31 1.61 0.99 1. 03 1.10
*Note: Weir broken and damaged during high flow.
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APPENDIX E
MONTHLY PRECIPITATION DATA
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APPENDIX E 
MONTHLY PRECIPITATION
DATE PRECIPITATION 
(inches)
VOLUME OF PRECIPITATION 
___________ [ftlj__________
7/85 0 0
8/85 3.48 5.08x10^
9/85 3 .97 5.78x10^
10/85 0.88 1.28X10^
11/85 0.52 7.57x10^
12/85 0,90 1.31x10^
1/86 0.82 1.19x10^
2/86 2.81 4.09x10^
3/86 0.71 1.03x10^
4/86 0.40 5.82X10^
5/86 1.42 2.07x10^
6/86 2 . 66* 3.89x10^
TOTALS : 18.57 2.71x10^
NOTE:
* = Data obtained from the National Weather Service at 
Missoula County Airport.
Volume of precipitation was estimated from: 
Vp = 40.2 acres (43560 ft^/acre) P
12in/ft
where,
Vp = Volume of monthly precipitation (ft^) 
P = monthly precipitation (inches).
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APPENDIX F
AQUIFER TEST FIELD DATA PLOTS
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APPENDIX G
MONTHLY WATER TABLE CONTOUR MAPS
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APPENDIX G 
MONTHLY WATER TABLE CONTOUR MAPS
Plotting coordinates for monthly water table contour maps 
were taken from the X, Y, and monthly Z columns in 
Appendix K. Contouring was done using a Kriging
algorithim with the Golden Graphics Company software 
titled "Surfer” (version 3.00).
Variables h^ and h 2 shown on contour maps are as follows;
hi = aquifer's saturated thickness measured at HC-2. 
h2 = aquifer's saturated thickness measured at the 
downgradient location.
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APPENDIX H
VOLUME OF GROUND WATER 
CONSUMED BY IRRIGATION
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Yard
Appendix H
VOLUME OF GROUND WATER USED FOR IRRIGATION 
 Yard Area fft^) Volume of Water f g p d )
1 0 0
2 3609 1843 488 25
4 975 50
5 17342 884
6 7332 374
7 17902 913
8 11497 586
9 18908 964
10 16574 845
11 19025 970
12 3285 168
13 10118 ^16
14 14888 759
15 19417 990
16 4000 204
17 25611 1310
18 15115 770
19 11830 603
20 12347 630
21 1345 70
22 978 50
23 2542 130
24 2150 110
25 0 0
26 1086 55
27 2057 105
28 1086 55
29 4696 240
30 1565 80
31 29623 1510
32 2348 120
33 400 20
1 . 4  3 X  1 0 ^  g p dTOTAL 
NOTE:
gpd = gallons per day 
Irrigation requires 0.051 gpd/ft^.
Daily consumption of ground water for irrigation is,
1910 ft^/day. From July 1985 through June 1986 there 
were approximately 100 days when residents irrigated.
Volume of Irrigation = 1910 ft^ (Number of days in month)
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APPENDIX I
MONTHLY EVAPOTRANSPIRATION DATA
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APPENDIX I 
MONTHLY EVAPOTRANSPIRATION
DATE EVAPOTRANSPIRATION 
_____________ ( inchest______ POTENTIAL EVAPOTRANSPIRATION ________________Lftlj___________
7 / 8 5 5 . 7 4 8 . 3 7 x 1 0 ^
8 / 8 5 4 . 33 6 . 3 2 X 1 0 ^
9 / 8 5 3 . 0 6 4 . 4 6 X 1 0 ^
1 0 / 8 5 2 . 6 1 3 . 8 0 X 1 0 ^
1 1 / 8 5 0 . 5 3 7 . 7 2 X 1 0 ^
1 2 / 8 5 0 0
1 / 8 6 0 . 7 0 1 . 0 2 x 1 0 ^
2 / 8 6 0 . 6 9 1.00x10^
3 / 8 6 2 . 0 4 2.97x10^
4 / 8 6 2 . 5 7 3.74x10^
5 / 8 6 2 . 61 3.81x 1q 5
6 / 8 6 4 . 0 4 * 5.90x10^
TOTALS : 2 8 . 9 2 4.22x10®
NOTE:
* = Based on data obtained from the National Weather 
Service at the Missoula County Airport.
Evapotranspiration was estimated using two methods.
Jenson-Haise Method
ETp = Rg (0.025 Ta + 0.08)
Where,
ETp = potential evaportranspiration (mm/day)
R = average daily solar radiation measured in 
Missoula, MT (KWH/m2 )
Ta = mean daily air temperature (°C) (NOAA, 1984)
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Priestly - Tavlor Method
ETp = a s (Rp + S) 
s + V
where,
ETp = potential evaportranspiration (mm/day) 
a = ratio of potential to equilibrium 
évapotranspiration (dimensionless) 
s = slope of the saturation vapor pressure curve 
(dimensionless)
V = the psychrometric constant (dimensionless)
Rp = net radiation flux density (KWH/m^)
S = subsurface heat flow (assumed to equal 0)
Rp was estimated from the following;
Rp = 0.85 Rg - 1.742 mm/day
where, Rg = average daily solar radiation measured in 
Missoula, Mt (KWH/m^)(Fowlkes, 1981).
The greater of the two calculated values of ETp was 
substituted into the final equation to determine the 
volume of water potentially evapotranspired.
= ETp(Days in month)(40.2 acres)(43560 ft^/acres)
(25.4 mm/in.)(12 in./ft.)
In addition, the following conversions were useful:
1 KWH = 3600 KJ
Heat of vaporization for water = 2.4 5 KJ/g 
1 g of water = 1 cm^ water 
Im^ = 10,000 cm^.
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APPENDIX J
MASS BALANCE CALCULATIONS
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APPENDIX J
MASS BALANCE CALCULATIONS 
[Solved for Ground Water Out (GWq )]
General Mass Balance Equation:
P + GWĵ  + SWj^+ Domi + Irr^ =
ET + GWq + SWq + DoirtQ + Irr^ ± dS
Calculations for 9/85, 10/85, 11/85, 12/85, 1/86, 2/86, 
3/86, and 4/86. For these months,
SWi = SWq 
Dom^ = DomQ 
Irr^ = Irro = 0.
Equation used:
I
P + GWĵ  = ET + GWq + dS, rearranging gives
GWq = (P + GWi) - (ET ± dS), for P > ET.
If P < ET, then P = ET. Solving for GWq ,
GWq = GWi ± dS.
9/85
P = 3.97 in., ET = 3.06 in., therefore P > ET.
GWq = (5.78 X 105 + 2.28 X 10^) ft^ -
(4.46 X 10^ + 6.34 X 10^) ft^
GWq = 2.97 X 1q 5 ft3 
10/85
P = 0.88 in., ET = 2.61 in., therefore P < ET.
GWq = 2.07 X 10^ ft^ - 3.41 X 10^ ft^
GWq  = 1.73 X 10^ ft^
11/85
P = 0.52 in., ET = 0.53 in., therefore P < ET.
GWq = 2.01 X 10^ ft3 - 2.11 X 10^ ft^
GWq  = 1.80 X 10^ ft^
220
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1 2 / 8 5
P = 0.90 in., ET = 0 in., therefore P > ET
GWq  = (1.31 X 10^ + 1.99 X lÔ ji ft3 -
( 0  f t ^  +  6 . 4 4  X 10 ^ )  f t ^
GWq  =  3 . 2 3  X 1 0 5  f t ^
1/86
P = 0.82 in., ET = 0.70 in., therefore P > ET.
GWq  =  ( 1 . 1 9  X 1 0 5  + 2 . 1 9  X 1 0 ^ )  f t ^  -
( 1 . 0 2  X 10 5  +  8 . 3 3  X  10 ^ )  f t ^
GWq = 2.28 X 10^ ft^
2/86
P = 2.81 in., ET = 0.69 in., therefore P > ET.
GWq  =  ( 4 . 0 9  X 1 0 5  + 1 . 8 8  X 1 0 ^ )  f t ^  -
( 1 . 0 0  X 1 q 5 + 4 . 4 7  X 10^ )  f t 3
GWq =  4 . 5 2  X 10 5  f t ^
3 / 8 6
P = 0.71 in., ET = 2.04 in., therefore, P < ET.
GWq = 1.87 X 10^ ft3 - 2.37 X 10^ ft^
GWq =  1 . 6 3  X 10 ^  f t 3
4 / 8 6
P = 0.40 in., Et = 2.57 in., P < ET.
GWq  =  1 . 6 4  X 10 ^  f t ^  -  8 . 5 6  X 10^ f t ^
GWq =  1 . 5 5  X 1 0 ^  f t ^
221
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C a l c u l a t i o n s  f o r  7 / 8 5 ,  8 / 8 5 ,  5 / 8 6 ,  6 / 8 6 .  F o r  t h e s e
m o n t h s ,
SWi =  SWq 
Domj[ =  DomQ
E q u a t i o n  u s e d :
P + GW< + I r r ^  =  ET +  GWq + I r r ^  + d S .  S o l v i n g  f o r  GWq 
g i v e s ,
GWq =  (P  + GWi + I r r i )  -  (ET  + I r r Q  ±  d S ) , f o r  
ET < P + I r r Q .
I f  P + I r r Q  < ET t h e n ,  P +  I r r ^  =  ET a n d ,
GWq = GWi - ( I r r Q  ±  dS) .
T h e  t o t a l  q u a n t i t y  o f  g r o u n d  w a t e r  (GW^) l e a v i n g  t h e  a r e a  
o f  t h e  mass b a l a n c e  a n a l y s i s  i s  g i v e n  b y  t h e  f o l l o w i n g :
I
GWt =  GWq +  I r r Q .
7 / 8 5
P = 0 i n . ,  ET = 5 . 7 4  i n . , I r r Q  =  5 . 9 3  x  10^ f t ^  =
0 . 0 3  i n . , t h e r e f o r e  P +  I r r Q  < E t .
GWq  =  2 . 8 1  X l o 5  f t ^  -  ( 5 . 9 3  X 10^ -  7 . 4 6  x  10^ )  f t ^
GWq  =  2 . 9 6  X 1 0 5  f t 3
GWt =  3 . 5 5  X 1 0 5  f t ^
8 / 8 5
P =  3 . 4 8  i n . ,  ET = 4 . 3 3  i n . ,  I r r Q  =  1 . 5 3  x  1 0  ̂ f t ^  =
0 . 0 1  i n . ,  t h e r e f o r e  P + I r r Q  < E t
GWq  =  2 . 6 2  X 10^  f t 3  -  ( 1 . 5 3  X 10^ + 4 . 0 7  x  10 ^ )  f t ^
GWq =  2 . 0 6  X 10^  f t ^
GW^ =  2 . 2 1  X 1 0 ^  f t ^
5 / 8 6
P = 1 . 4 2  i n . ,  ET =  2 . 6 1  i n . ,  I r r Q  =  5 . 9 2  x  10'^ f t ^  =
0 . 0 3  i n . ,  t h e r e f o r e  P + I r r Q  < ET
GWq =  1 . 7 1  X 105 ft3 -  ( 5 . 9 2  X 10^ -  3 . 2 3  X 10^) ft^
GWq = 1 . 4 4  X 10^ ft^
5 f j . 3GWf =  2 . 0 3  X 10=  f t
222
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6 / 8 6
P = 2.66 in., ET = 4.04 in., Irr^ = 5.73 x 10^ ft^ = 
0.03 in., therefore P + Irr^ < ET
GWq = 2.11 X  10^ ft^ - (5.73 X  104 - 8.16 X 10^) ft^
GWq  =  2 . 3 5  X 10^  f t ^
GWt = 2.93 X 10^ f t ^
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APPENDIX K
MONTHLY GROUND WATER LEVEL CHANGES
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